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1 IT improved ^^^T^TZ 
for a snowmobde ve^le a o^n«» orating 
under-the-hood ^.^^"AlS doling for the 
values while providing ^ "ece^y coo ^ 
vehi c,e;s internal «M» -g ^ f ?c 

posed within this engine ~»P^""' ^/liquid 

coolant is made to flow wnen « s~ fat0 a 

air inlet opening ; in the ^hood l« booyp e;(changcr 
duct or ^ -XtSS-?" 1 » engine^nven 
or radiator on the ran «™»? d outsi de air 

fan also disposed witon te d uc » fe directly 
^ough the ^^^^^Semannerin which 
rdated to engme sp(^. H«»^ under-the-hood air 
the duct work of cold outside air 
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amount of venting required to introduce the necessary 

BACKGKOUNDOFTHE.NVEKr.ON 5 £^££2 • 

L Field of the Invention u .. major heat source located beneath the vehicle's hood. 

This invention relates generally to snowmobile-type J jf,^ it ^ found that the engine's exhaust 

recreational vehicles, and more P^ularly to an m> ^J^^^ referred to as a "Y-pipc" in the 

proved cooling system for such vehicles where the f cylinder engine, is a major source of un- 
cooling capacity is directly f™P°™*" de^the-hood heating Unless proper attention is paid to 

power, allowing a more consistent engine temperature ^ tcm ^. ratlireSi suc h problems as vapor lock, 

control under varying amb.ent conditions. ™ J£ shortening of V-belt life occur, 

n Discussion of the Prior Art 66 6 

Various approaches are known in the art for cooling j$ OBJECTS 

the internal combustion engine used to po wet ^snowm o- accor dingly a principal object of the present 

T^b — ^™gn Ae^mng and made to 2° Mother object of the invention is to provide; , .heat 
^r^th^DOsedM^ior surfaces Tof the engine. management system for a snowmobile allowing un- 
^en^orw^^vSgthroughdeepsnow.the proved performance by way of consistent power im- 
HlZi sS «?£ vehicle may be such that insuffi. Jroved throttle response, reduced noise emissions and 
dent air flows over the engine surfaces to provide ade- less down-time. 

quale cooling and an over-^peratu^ ^ndmon wU SUMMARY OF THE INVENTION 

dESSS iSELSZ?" foregoing features, objects and advantage are 

^Shet known cooling system is disclosed in U.S. achieved in accordance with the present invention by 
Pat. No. 4.340.123 assigned to Kawasaki incorporates a iding a radiator-type heat 

Dauid coolant heat exchanger which extends along the » ncath ^ hood m the engine compartment of the snow- 
rXel of the snowmobile at a location above the track mobUe ^ with a fan and water ^pump by *e 

assembly and below the seat. A combination of air flow ^ - e A duct or shroud is provided about the air inlet 
and melting snow splashed onto the heat exchanger by opeoing m the hood or body, the radiator and the fan in 
the drive track carries the heat away from the recircu- such a way ^ only ^ out side air is drawn through 
farting coolant pumped through the coolant passages 35 ^ warmer, under-the-hood air efTec- 

formed in the engine. Systems of this type which rely on tf iso i ated . The water pump circulates liquid cool- 
a snow-splash cooled heat exchangers are dependent on ^ thfough Ae cn gine and its exhaust manifold and 
outside conditions and not the cooling load and, there- ^ thr h the rad iator where the heat is given off to 
fore do not maintain a constant temperature range ^ ^ stream flowing through the shroud and fan. By 
under varying ambient conditions. For example, when 40 thc fan ^ shroud arrangement in combina- 

traversing compacted snow or ice. very little snow is £ ^ ^ radiator , sufficient heat exchanger effi- 
splashed by the drive track onto the heat "changer ^ . ded tQ a dosed or recirculating 

and. accordingly, heat removal is achieved solely by the ^ ' m to be used to cool both the engine and 
air which is made to pass over the heat "changer t 

Again, if the vehicle is being driven at a slow speed for 45 ^ ^ ^ constraints associated with the snow- 
. prolonged time interval, say. over » f'° z « mobile's engine compartment, it is through the ducting 

heating can occur due to the inability of the heat «- * AM a relatively small radiator can be used 

changer to dissipate all of the heat generated by he » providing sufficient heat transfer capability to 

engine. Moreover, systems such as disclosed in the £ e ^ exhaust manifold cool enough 

aforereferenced Kawasaki patent often result ablush 50 ^ due to vapor lock and bogging do not 

freezing on the tunnel surfaces and track suspension P 

member, increasing the weight of the machine and ad- Furthennorc , m the system of the present invention, 
versely affecting performance. Moreover with the beat fan s ^ cd ^ the engine power are proper- 

exchanger disposed m the snowmobde s tunnel tiie tional to enginerpm. Hence, the cooling capacity is also 
clearance between the drive track and ">e beat « 55 oroport ional to engine power, allowing more consistent 
changer reduces the suspension stroke available, mak- P^™^ TOntto Tunder varying ambient conditions, 
mg it difficult to provide a conifortable ndfc ^fas outside , em perature, altitude, snow depth, etc. 

The Fields et al. U.S. Pat. No. 4,249.626 also asagned s»ct mb « need ^ made through the 

to Kawasaki describes a snowmobile „ ho S or Sgh a sideband of the body to allow the 

cooled engine with a radiator element 60 f^, d out ^ e ^ mto the ductmg system 

front of ahood louver whereby air ^^"^ ^^dlng the radiator and fan and because the duct- 
louvers as the machine is being driven passes through f^T™" ^fT^tiv-iv isolates the cold air inlet opening 

aagttS . £S£ 2asr *-* " 7 * 
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effectively maintained at .Lficiently low temperature manner which will be described with greater particular- 

25S£"S?SS be brought into • d-ep^ %£TnV "track assembly is disposed within the U- 

with those surfaces without damage '0 ^ ^ ,hjed main frame member 12 directly below the seat 

to netting. As such, the size of the engine compa^ent 20 ma zone commonly referred to as the "tunnel". A 

can be reduced for styling ^tTfa^e Opened s^on system supports the drive track 

that over-crowding will result in parts failure. assembly to theframe allowing relative vertical move- 

Those skilled in the art will recognize that .utomo- ~J2w«i the drive track assembly and the frame, 

tive cooling systems have J"^*^^^ Sby Sing the rider from undue shock as the 

combinations for removing heat energy from a liquid *° * . ^ 

ooSnt, but m the case of automobile* under-theW 10 ^^S^TStaSS portion of the frame are 
apace constraints tend not to be a limiting fee tor. Auto- *uspenoea rro the skis being coupled through a 
moMe cooling systems also rely on ram ^ """"itu* tie to UnSgTto a steering column (not 
on the radiator surface for cooling at tr.veUpee^w,th s ^g^umn can be rotated by appro- 
ve fan providing the air flow at low or idle speeds. ^ of the vehicle's handlebars 30. 
DESCRIPTION OF THE DRAWINGS With continued reference to FIG. 1, it can be seen 

invention wUl become apparent » ^SSSSSSS^m which is generally in alignment 

art from the following detailed description of a pre- prec eie ' . FIG. 2. FIG. 2 illustrates a 

ferred embodiment, especially when^der^ con 20 <g£^£!Z*a* of FIG. 1 with the hoed 1« 

junction with the accompanying drawings in which 1 uxe P°™° thc and heat management 

numerals in the several views refer to corresponding [^^mpns^th, preset invention. While the air 

par" „ nomflh | 1 . vehicle inlet opening 32 is shown as passing through the hood, 

FIG. 1 is a perspective view of , i™"™^' vehicle »1« 1* g ^ ^ e ^ ^ 

in which the heat management system of the present 25 J^^^ m ^ other dcrining the vehicle's 

^2 S ^pSUtive view of the snowrno^ „ ^ ^ ^ compart- 

bile of FIG. 1 with the hood or cowl removed to; allow Counted to m e 1 en . 

viewing of the engine and portions ^ '^^^ystan. ment Jggified by numeral 3* and, as can best 

FIG. 3A is a view of a port.on of the heat ^manage^ 30 J^^^gta of nG . s> it MuO* a 

men, system incorporated m the »,owmobde of FIG. 1 beseen » ^ ^ M A u w b 

showing one way of locating a fan ^ sh ,ft and trained about the pulley 40 is an 

the liquid coolant flow path; _ „ u llev50fFIG 5) secured to the shaft of a water pump 

FIG 5 is a side elevation of the snowmobile engine pulley 5W trio. ») securcu 

"^^t^So^tak. 

^ /drawing showing an alternative way of — fig^^ 
providing a water cooled exhaust manifold ^t flow^thV Extending transversely to the plural 

DESCRIPTION OF THE PREFERRED 45 tubes are a large plurality of ^y-'P^^"??' 

EMBODIMENT metal fins which are joined to the metal tubes of the 

Referring first to FIG. 1. there is indeed generally 
by numeral 10. a snowmobile-type «We«W«- JSSfaErfSe Uquid coolant passing through the heat 
dudes a frame assembly including a main frame member • < ^* r ° m ^ m ^ r 34. ^ ahroud is shown broken 
12 whose cross-section is substantially an mverted U- 50 »£^^to .tow wiewiaB ofthe fan assembly 46 
shape with a bottom cover 14 fixed on the undersideof "^JX surrounded by the ahroud. The 

.forward portion ofthe main frame and a cowl _16 made and« ggf^f^ . duct ^ «, of generally 
of. for example. FRP (fiber reinforce^ I plastic*) and ab^dMl ^Soo. The air pasring through the duct 
pivotally connected at 18 to a forward end of the 6ot cue Oaauh a suiuble grill (not shown) formed 

Sm cover 14. Affixed to *^*™"£?g£ " SSiSSo^iSLaJK vehicle so as to be 
dinally elongated seat member 20 on which a driver mme^ ^ ^ ridcr to pr0 vide some measure of 

^tedc.lowthemamframeUa^plu^pa^^f l^^^^T^k^ 

an endless belt or track 26 having a plurality oftrans- ^ rt ^ f "7 wh cy l md eVand conveying those 
versely extending projections on .a outer face » '^^^ pipe It has been found that heat 
stretched over the guide wheels 2 ,^ the raUs M 65 gg^"^^ |^ust ^fed in conventional, 

and the drive sprocket wheel, all in • convennoruJ ^^Zownobilcs is a major contributor to the 
^^^^^^^ SKUoo- heat present in the en*ne compart- 



radiator hose » j pump 52vn» w ^f«§ation with respect to *»o e ^ ^ ^ 

S- 86 f ^SKS* In 016 W i£i relation by . ££g * uid therethrough 
i;„„id coolant passage »" exiting the ne»» for forcing „ te substantially y^r~ 

exhaust roamfoW »*• y outsl de an u i w said coolant P ^ witn 

.nd through and over uk 
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M ^ in J* cylmder - cyli, J£KL"=S£ " 

^ 'within said engine compartment W»« «; ^J. ^ e sn ^obUe as in claim 1 wherein «d exhaust 

hiust gases from one or more cylinders of said 5 * tf includes first and second coaxially deposed, 

SjLSi exhaust pipe, said «b«««J» S apart tv^ exhaust gases passing through the 

having liquid coolant passages within the walls spacefl P ^ wbe Md said liquid coolant 

thereof, said liquid coolant passages of said eriuutt center o ^ ^ rf ^ ^ 

connection being in said flrnd circuit and isolated ^ „ u, cla im 1 wher«ns«dho^« 

from said exhaust gases . covering relation relative to sa.d engine compartment 

^J^^^ttZZZ and said air inlet opening is formed m sa,d hoc,. 

said engine compartment. 
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[57] ABSTRACT 
An air intake system for a snowmobile which comprises 
an internal combustion engine having an induction sys- 
tem. A body is provided which cooperates in defining 
an engine compartment wherein the engine and induc- 
tion system are contained. This body has an opening for 
inducting air from the atmosphere and is in communica- 
tion with a passageway which defines an air flow path 
from the opening to the induction system so that air 
flows from the opening to the induction system without 
accumulating in the engine compartment. A filter ele- 
ment is positioned between the opening and the induc- 
tion system across the air flow path such that the air 
flows in a generally upward direction through the filter 
element. The filter element not only prevents snow and 
ice from being sucked into the induction system but also 
prevents these elements from clogging the filter, while 
still allowing for adequate air flow to the induction 
system. 

4 Claims, 8 Drawing Sheets 
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accumulating in the engine <*»*^l*?£ ° a^d induction syTtem are contained sa, 1 body havmg 

increase the charging effic.ency of the : intake air t rf ^ ^ fa paft fey ^ lop shroud 

addition, the filter 65 prevents ^ ^f^^ 5 for inducting air from the atmosphere^ 

into the induction system and is positioned within the port : cavity in communication with sa.d 

* flow path so that it cannot be eastlj '^f. ^ ^S^d defining an air flow path from said operong 

In accordance with the invent.on, however, there is openmg ^ ^ ^ flows f d 

provided a gap 85 between the air outlet 82 and he » ^ induction system without accumulating 

See opening of the pipe 83 whtch allows part of die WjjJ^^ and a filter element posi- 

air mixture to leak out into the ^^^J; 10 £S ££e said cavity between said 

as shown by the arrows in FIG. 6, so as to coo i tne { t across said air flow path such that the 

^gine compartment 15 and to prevent -the engme com- generally upward direction through said 

P^nents including the air box 51 and carburetors 52 au ™ « wherein said body comprises vent 

from overheating. Furthermore, the shroud 14 * ^^jcating said engine compartment with 

formed with inlet ports 86 for providing additional 15 ports co ^ ^ ^ ^ ^ ^ «W«<£2r 

circulation through the ulterior of the body O. ™ £ flow into said cavity and to mix with the air 

It should be noted that the surface 68 and outlet pipe p ^ atmosphere . 

81 are formed integrally with the shroud 14 and wUl be mauc ^ reched „ clsuln t> wherein 

prvoted upward when the shroud 14 » opened _How- means composes an intake passage through 

eW the Jap 85 prevents any 3?5 air flows after flowing through said filter 

Saccommolafe minor dimensional errors with «pect 3. A«£»«J further comprises an outlet pipe 

t tothemanufactureandassemblyofthesurface68and ^^J™^ one end connected to- pav 

^^Lgoingdescrtptior ^-—ft-Jg " ^ 

Wioioi syaen. of » lowmotafc, white M SSTtSdoSui opo*8 «. tbB * 0»«> 

carburetors are employed in the dlustrated em^ £^ closed position and an open position wh««n 

Sent, a fuel injection system may be employed instead b ^ ted upward reUt, ve to satdbottom 

of the carburetors. „ ^"er, said intake passage ■*» outlet p,pC melnber 8 

Itfair intake system for a v^te -prising formed integrally with said top cover, 
internal combustion engine having an induction system. 
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[57 ] ABSTRACT 

A suspension system mountable to the chassis ofasnow- 
m *Kd about which an endless trade is carried The 
suspension includes a slide frame for cr^ag^t wUh a 
ov£ portion of the endless track and one or ™>respnngs 
fourSng the slide frame downwardly away from the 
IS suspension system also includes a <*wnwa«Jy 
anded suspension arm having an upper end pivotaUy 
Snted tod* snowmobile chassis. The lower endofthe 
a^isprvotalry connected to the slide frame ^tojpamtt 
limited longitudinal movement of the lower end of the aim 
SSset toic slide frame. An adjustable limit is provided 
te adTu^ylmiting the degree of longttudmal movement 
oTthe tower end of the arm with respect to the shde frame 
to adjus^bly control the range of orientations of the slide 
frame with respect to the snowmobile chassis. 

23 Claims, 6 Drawing Sheets 
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1 ™ remitted to rise above the front end of the slide rads (or. 

ADJUSTABLE SNOWMOBILE TRACK ™£T* different way. the amount that thesnowmotate^ 

SUSPENSION pitied to "rock backwards" °» * c ^™™^" 

HBU, OF THE INVENTION ^^SSSIS^S^^ 

invention relates to suspension systemsfor > — i^SSS weight on the skis (which affects 

BACKGROUND OF THE INVENTION yg-- E^S^"^-,* 

jsssssttZtt^ Satyrs* 

Sm^Sts includinT*c snowmobile suspension. ^ ( racing, tounng. etc.). 

l*ilr rf^Swically is provided with springs and one or x of this rear suspension arm wimres^ to 

WecLssis. andthe shocks providing dampening forces for A^owerendof merearamwith^p^tome^^n^ 



stop; 
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3 ismit thexebv riving the rider some control over the perf or- 

FiG 8 is a view similar to FIG. 5 showing somewhat ^^^toof the suspension, 

sch^uc^y thTTse of a hydraulic adjustment mechanism; ^f^^ of the invention depicted in FIGS. 

rear adjustable stops; 3 rectangular adjuster bWkm hole ^ the four 

FIG 1. shows another type of suspense on which me (d ^ bctw-^ — ^J^^X* one of 

invention may be utilized; and surfaces ^"*^"j£f ^ with respect to the 

FIG. U shows yet another type of suspend on winch £J*J* £ ^ 20 can be con.oUed.to 

the invention may be utilized. HQ 5 toe Week isldjusted to its thickest semng^A^ 
DETAILED DESCRIPTION OF THE » Sting, the « - " ;X£iMS££ 

INVENTION tively less upward ™ v ^*™^X*£toc front Hrne 

FIG. 1 depicts the rear portion of a sno— Shaving posLn 0^-™^ 

a rear suspension system for supporting the rear Portion of ^ more upward movement of the ^^tte^te 

^^ a ^rwTav^^r*e ^^-^Sr^r^-^nS 



"speSon rails 10. beneath which the trackjhde. jMJj* ^ * « veni^r adjusting the master 

Ismesnowmc^etunnelobsc^muAo^em^am- th c knob 42) I the P^»^ e 

«1 linkages in the rear suspension. FIGS. surface of the slave cylinder 41 can be corre^ond- 

Mspenrion (absent the track) removed from ^machuK- ^^fostedto change the location of tot limit, thereby 

Spri^S and \hock absorbers are typify £^ *> me desired ride characteristic* ™°j£ A £ 

SHude rails It down and away from ^ ^wmobQc P££^ hydriu iically adjustable lirmt could aUo 

SLeL ttie springs and shocks acting to con^l the ^«ive as the rear limit on relative longed naove- 

dement tf to suspension with respect to the tunnel as toe ^P" 0 " j ead ^ mc suspension arm 20 wi* respect 

^wSfmovesTver terrain of varying contour. The ment of Aelower ^ ^ ^ adjuster block and 
restive lengths and orientations of the " 35 hydraulic system, persons of average skfll * the artwUl 

tHTower pivot arm 26, which in turn is prvotaUy connected ™ bom front 30 and rear 34 

. 10 As is depicted in FIG. 7, the linkage of J^r^ster block functions analogously to the front 

T-nfto rise substantially independently of the rear « ^ ^ suspension with respect to the front of the 

^^of^ U ™nsirr^rr^r«^^^ dcnt °f,^n^n. A^d^ic^hamsin similar to that depicted 

Si* 1 KSSof the suspension, the lower pivot used for adjustment of the rear hrmt 

arm^prvote from uterearward position shown in sohdhnes ^ elj|Stic ^ of the rear lima ^ valuable^for 

STtw the forward position depicted in broken hnes^ "^T^ maintaining proper track tension. In the suspen- 
se rSnt which the frontVurfacc 27 of the lower £Votarm so ^™ 0 ^iX^S, under some <*^^ * 
S iSSOc front adjuster Mock 30. further ™ jT^^spension is permitted to rise independen^ of 

^art movement of the front end of the » ^ front beyondTcertain point, the track maybecorne 

Snted. That is. further upward ™^ unaesirablyioose. resulting to *S2X££ wl * 

mTsuspension rails 10 is mechanicaUy linked toough the «i / sprocket (Le., "ratcheting"). 

•^n^Tbtoefc 30 to the rear suspension arm 20. causing js «spea ^ l " £ of toe invention in conjunction with 
SS^S rear oT^ suspe^n^er^e of shown in P*. No. 5^55 692 

movement of the rear of the ^nsioo rn^ or may {iBCOtpoaM herein by reference), jhere the 

SToVequal to the rate of movement of the front of toe ^ecxj ^ £ suspension arm 2©- is r*nmtted to 
s^^LTVnding on the specific geomemc configura- tower ^^^y m , slot 36" in the suspension rafl lt^ 
tioTcTme sySem). fo . 60 gTbSK-S. forward longitudinal movement can be 

The degree of independent n^ver^tjuTorded ^ Ae ^ use of an ^j^tincnt means oftoe 

front of^suspeosion rails 10 is depended oo^ <to*ncc ^ ^ (sac h as mc adjuster block |3». a hydrauttc 
bc^een the reTstop 32 and the front adjust M*"^ ^^ent mechanism, or other adjustable mechanical con- 
reT^facc 31 ofX front adjuster ^^^^^ « ^i^or limits) on the Mallette-rype o{ 
rLit on the reialrve forward movement of ^^"^ HG. 11 depicts yet another variation of the ^peof 
of the suspension arm 20 with respect to the shde rail 10. oVwhich the invention may be utilized. This 

ThetaJE provides variability to the position of this suspension 
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suspension is similar to the MaUette suspension. 
the dot 36" is angled upwardly; such a suspension. depK** 
£ US. F*. No. 5 370 198. is commercially available from 
FAST Incorporated of Ely, Minn., under the trademark 
M-10 Again, the mechanism of the invention can be added 5 
to the M-10 type suspension by positioning the adjustable 
iSsucb as the adjuster block 30") at one or both ends of 
the upwardly angled slot 36". 

m a particularly preferred embodiment the limit on rela- 
tive longitudinal movement of tbe lower end of the suspen- 10 
sion arm 20 with respect to the slide rail may be constructed 
to provide resilience. For example, the adjuster block 
depicted in the drawings preferably is made from anelas- 
tomeric material such as a rxJy^e^e. A rwl^toane 
resin obtained commercially from Dow under the trademark 
PELLATHANE 2102-85A has worked well; jt has a hard- 
ness of about 85 Shore A. Other equivalent ™^ 
also work well, including materials that are slightly harder. 

Other methods of providing resiliency may be utilized. ^ 
such as utilizing coil compression springs, etc. Resiliency in 
the adjustable limit assists in absorbing dynaniic shock loads 
encountered by the suspension, and may provide a rising 
compression rate mat can further be used to control the 
amount of longitudinal forward movement of the lower ena 
nension arm 20 and, therefore, the relative move- 



spring means for urging the slide frame downwardly away 
from the chassis; 

pivotal connection means for pivotally connecting the 

P lower end of the rear arm to the slide frame and 
remitting limited longitudinal movement ofthe lower 
Kf tterear arm with respect to the slide frame; and 

an adjustable limit mounted to the slide frame to limit the 
range of longitudinal movement of the lower end of the 
rear arm with respect to the slide frame. 

2. The suspension system of daim 1 wherein Ac adjust- 
able limit includes means for adjustably limiting die forward 
movement of the lower end of the rear arm with respect to 



* 3 The suspension system of daim 1 wherein the adjust- 
able limit mSudes means for adjustably UuSOagaittut- 



to me slide frame. . 

4 The suspension system of daim 1 wherein the adjust- 
able limit is moveable in response to and in general propor- 
tion to the magnitude of forces causing longitudinal move- 
of*. TloWend of the rear arm with respect to the 
slide frame. , „ 

5. A suspension system mountable to a chassis or a 
snowmobile and about whii 



amount ot longitudinal mwoiu — — ; 

of the suspension arm 20 and, therefore, the relative move- 
ment of the front of the slide rail with respect to the rear of 
the slide rail. Thus, for example, as the snowmobile encoun- 
ters a severe bump at a relatively high speed, the front ofthe 
suspension rail will initially begin to rise (as ^ ">F1G- M 
7) Imtil the lower pivot arm 26 (or equivalent structural 
member in analogous suspensions) encounters the adjuster 
block 30 (or equivalent structure). At this poin t rf the 
adjuster block is made of a rigid material, further indepen- 
dent upward movement of the front of the suspension is 3J 
prevented— the rear of the suspension begins to also move 
Card (as described above). If the adjuster block (or 
equivalent structure) is somewhat resilient, however, the 
resiliency will allow the front to independently move some- 
what higher when severe compression forces are encoun- ^ 
tared. Thus, when the suspension hits a bump particularly 
hard, the adjuster block will compress further than it would 
if the same bump were encountered less severely, ttjereoy 
helping to absorb dynamic shock loads and P™™hng a 
rising compression rate that gives the front end of the ^ 
suspension a limited greater degree of independent motion 
under such loads with respect to the rear of the suspension. 
In a sense, therefore, the resilient adjustable Bunt of the 
suspension is moveable under dynamic loading forces, such 
movement being in response to and in general proportion to ^ 
me magnitude of forces causing longitudinal movement of 
the lower end of the rear arm with respect to the slide frame. 

While a preferred embodiment of the present invention 
has been described, it should be understood that various 
chances, adaptations and modifications may be made ffierein J5 
wMiout departing from the spirit of the invention and the 
scope of the appended claims. 
What is claimed is: . 
1 A suspension system mountable to a chassis of a 
snowmobile and about which an endless track may be m 
carried comprising: 

a slide frame for engagement with a lower portion of the 
endless track; 

downwardly angled front and rear suspension arms each 
having an upper end pivotally mountable to the snow- 65 
mobile chassis, the front arm having a lower end which 
is pivotally connected to the slide frame; 



it which an endless track may be 
tec co m p r i si ng - . 

slide frame for engagement with a lower portion of the 
endless track; . 
a spring for urging the slide frame downwardly away from 
the chassis; 

a downwardly angled suspension arm having upper and 
lo^ e^ tr^up^ eid being pivotally mountable to 
the snowmobile chassis; 
pivotal connection means for pivotally "imecUag the 
lower end of the arm to the slide frame and P«mitting 
limited longitudinal movement of the lower end of the 
arm with respect to the slide frame; and 
an adjustable limit mounted to the slide frame far adjust- 
ably limiting the range of longitudinal movement of fee 
lower end of the arm with respect to the slide frame, the 
adiustable limit comprising an adjuster block mounted 
to the slide frame, the adjuster Mock being selectively 
roSeto one of several positions to selectively vary 
me limit of longitudinal movement of the lower end ol 
the arm with respect to the slide frame. 
6 The suspension system of claim 5 wherein the adjuster 
block is made from a compressible material. 

7. The suspension system of claim 5 wherein the adjuster 
block is generally rectangular in shape. 

8. A suspension system mountable to a chassis ol a 
snowmobile and about which an endless track may be 



amed, comprising: 
a slide frame for engagement with a lower portion of the 
endless track; 

downwardly angled front and rear suspension arms each 
having upper and lower ends, the upper ends being 
pivotally mountable to the snowmobile chassis, the 
lower end of the front arm being pivotally connected to 
the slide frame; 

a spring for urging the slide frame downwardly away from 

a pSoSfc^nnection for pivotally «»necttag lwer 
^ the rear arm to me slide frame and r«nnmmg 
limited longitudinal movement of the lower end of tae 
rear arm with respect to the slide frame; and 

a resilient adjustable limit mounted to the slide frame to 
adjustably limit the range of longitudinal movement of 
the lower end of the rear arm with respect to the slide 
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. . t(% „ -hotri. n f n a downwardly angled suspension aim having upper and 

endless track; longitudinal movement of the lower end of the aim 

a spring urging the slide frame downwardly away from withrcspcct to the slide frame; and 

the chassis; an adjustable limit mounted to the slide frame adjustably 

a downwardly angled suspension arm having an upper limiting the range of longitudinal movement of the 

end pivotally mountable to the snowmobile chassis and 10 lower end of the arm with respect to the slide frame. 

a lower end pivotally mounted to the slide frame; JS A suspcnsion system mountable to a chassis of a 
the upper end of the arm being connectable to a fixed snowm obile and about which an endless track may be 

pivot on the snowmobile chassis, and the lower end cried, comprising: 

being connectable to a movable pivot carried by the a sUde frame far enga gcment with a lower portion of the 

slide frame; 13 endless track; 

the movable pivot being movable from a rearward a suspension arm having upper and lower ends, the upper 

position corresponding to a first orientation of the slide end b ^ a „ pivotally mountable to the snowmobile chas- 

frame with respect to the snowmobile chassis, to a sis; 

forward position corresponding to a second orientation a ^ bsviag upper and lower ends, the upper end 

of the slide frame with respect to the snowmobile 20 of the pivot arm being pivotably connected to the lower 

chassis; and end of the suspension arm to permit relative pivotal 

an adjustable pivot limit mounted to the slide frame to movement about a generally transverse axis, and the 

selectively limit the range of movement of the movable lower end of the pivot arm being pivotally connected to 

pivot to control the range of orientations of the slide ^ frame, rxxmitting the upper end of the pivot 

frame with respect to the snowmobile chassis. 25 ^ to pivot through a range of motion; 

10. The suspension system of daim 9 wherein the mov- M ^yuj^e limit mounted to the slide frame to define a 
able pivot is disposed in a slot in the slide frame. ]indt OB me ^nge of motion through which the pivot 

11. The suspension system of claim 10 wherein the slot is arm pivots. . 
oriented generally horizontally. . 16. The suspension system of claim IS wherein the 

12. The suspension system of claim 10 wherein the slot is *> ad ^ ustable ^ positioned to adjustably limit forward 
angled upwardly. . pivotal movement of the pivot arm. 

13. A suspension system mountable to a chassis at a 17 suspension system of claim IS wherein the 
snowmobile and about which an endless track may be adjustable limit is positioned to adjustably limit rearward 
carried, comprising: „ pivotal movement of the pivot arm. 

a slide frame for engagement with a lower portion of the 18 , j^c suspension system of claim 15 including a second 
endless track; adjustable limit, said adjustable limits portioned to adjust- 
downwardly angled front and rear suspension arms each ably limit forward and rearward pivotal movement of the 
having an upper end pivotally mountable to thc snow- 

-- - • a lower end pivotally mounted to . 

adjustable limit is movable from a first position corresi 

^urgmg^sUdeframedownw^dlyaw^ ^^S£S^&^^t 



"pivot on the snowmobile chassis, and ^»™« 45 J^J^^L'^ii 

being pivotally connected to • movable pivot carried by ^ Tnc suspension system of daim 20 wherein the 

the slide frame; adjustable limit includes a hydraulic cylinder mounted to 

the movable pivot being movable from a rearward sc j cc ti v ely vary the limit 00 pivotal movement of the pivot 

position, corrcspondmg to a first orientation of the slide j^m wim respect to thc slide frame, 

frame with respect to the snowmobile chassis, to a ^ Tbc suspension system of daim 18 wherein the 

forward position corresponding to a second orientation ad j ustab i e jjmit h positioned to define a forward end of 

of the slide frame with respect to the snowmobile p i V otal movement of thc pivot arm with respect to the slide 

chassis; and frame, the limit having at least first and second positions, the 

adjustable pivot limit means mounted to the sUde frame fofWanJ M d of pivotal movement being positioned farther 
for selectively limiting the range of forward movement 33 forwa rd when the limit is in its first position than when it is 

of the movable pivot to control thc range of orientations in its second position. . 

off the slide frame with respect to the snowmobile 23. The suspension system of daim 15 wherein me 

chassis. adjustable limit is positioned to define "J^?™"* ™ 

14. A suspension system mountable to a chassis of a pivotal movement of the pivot arm with ^pe<S to Jto fUioe 
snowmobikand about which an endless track may be w fr^. the limit having at least first and second postons, 

carried, cornprising: said rearward end of pivotal movement being P^ 0 ™* 

a slide frame for engagement with a lower portion of the farmer rearward when the limit is in its first positron man 

"ndless track; when it is in its second position. 

a spring mounted to urge the slide frame downwardly . . * * » 
away from the chassis; 
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[57 ] ABSTRACT 
A small watercraft adapted to seat one or more riders in 
motorcycle fashion and which has a hull configured so 
as to facilitate leaning without capsizing. The foot area 
for the riders is such that a rider may either sit on the 
sSt in straddle fashion or stand behind the seat and may 
move between these positions easily and while the wa- 
tercraft is in morion. 

13 Claims, 7 Drawing Sheets 



U.S. Patent 



Oct. 18, 1994 Sheet 3 of 7 5,355,826 



Figure 3 
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Figure 4 
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Figure 6 
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1 positionorposturetoanotherwithoutlosingtheirfoot- 
WATERCRAFT ™\ therefore, a still further object of this invention 

CROSS-REFERENCE TO RELATED ^1^?^=^ 

r*^'ir°£$TS Nov. i, ISM, «a««i w^te v*****" «*•»■ 

SSS^t." "°* *»- - U ' S - ?,t NO ' 5J55t62 °" SUMMARY OF THE INVENTION 

^BACKGROUND OF THE INVENTION "jOSXS^SS^ 

««*P^J^*S^cSb^with.n«tcm^ centrally thereon and ; ftemhng ^ng a P£™ d 
W atercr^by »g«c^bed ^ tQ ^ Qn op po*tej*ies o^eat there are p ^ 

Jluwatercraft 40 STpS on that merges into the rear deck. 

mo torcycle .and «U« 0 ^S, e rider to lean the DESCRIPTION OF THE DRAWINGS 

hull is designed so as to ^ J£ in fact, constructed in accordance vntn an em ^ger 

^dtheh^js^^^^^tetotoue restively. ^ of o,« watered 

this is done the ^^.^e ^ pennit the rider and PREFERRED EMBODIMENT OF THE 

lost Furthermore, it is ^f^^postures on the ^ INVENTION 
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3 , ^ c*™m in FIG 1 in a somewhat straddle fashion much 

P °^vdv wh?ch«Ld outwardly and defoe a gun- 5 "Jj^,^,^^^.^^*^^ 
the outer periphery of the water- ^"J*^ J ting position pro^mgtow^d 

An engme wm P^ SnuaUy of and at the wardly *£ g£ ^crease his heighth or 

«^-»^«jSaS 10 ^o^^on by moving rearward, 
bY j£ ?T5 S SoT typet m^ widun the ^ ^ea^l- „ ^ ^ t ^ 

hSustm^old^ «-^»« h p-«-*-^-r 
from the^ 7 19 communicates with a A handl * ^ e ^ height as it so 

jaC , 6 *• tSf ^d sUen^device 21 that is positioned most rider may operate a steering 

water trap and compa rtment through an that^ Qie j 01 ?* 1 "^ the discharge nozzle 29 m a 

forwardly ^^VaSap and silencing portion 21 20 ^ includes a flexible transmitter 

steenng nozde29 ma J? ^ ^^ed f or ^.^^^ ^foot areas 45 are tapered 

WatCr ^L^atdSmasses will lie substantially on a ^^^re ^ ^ where a rider may brace bis 
disposed ^.^i^^^nter plane of the watercraft ^ Vwnne such a riding position. Reax- 

longttudmally ^^j^r details of the construe- feet J^fS^Sstf. there is provided a trans- 
U for balance p^ose^Furtn^ nents ^ 40 wardly of are* 47 ^48 which has a 

^.TsS^ &°» = **** c ° s 5°*™ S "^.^3 *S S deck area 48 is opened at the ~r 
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5 , , -.ised nedestal 44 will insure that the watercraft 

and specifically ^ at 41 ^ ^ waterC raft like a nder and/or I^ss^s m y while ^ water- 

driver and P^S^^^for the like. To this end, 10 positions to ^f^^Tof slipping due to the 

substantial ortgfigg* c***^ of ^ Wec^ huU having a lower 

prevent capsizing. However, tn ^ gl ^ ^ i. A waterc ^J*™f_ a bodv of water and an inte- 

downwardly convergmg side chines portion for ^eck ar^ disposed above 

formed adjacent the f*^™J™ ^oSa some resis- 20 gral « P pet pordon « ^ ec* ar ^^^g 

a ^ - jSS?!^i » *- ^r^^rSfond^e wetted area of the 
tance upon e^e je^g wbich * generally plainer 



ticularly i^JJr. jj. at the same time, m * gen f^ifb™ardly of said seat and accessible by 
craft 11 like a mot "^Jg^ Typical dimen- ^^^S^iidhull lower portion being 
^eSTfo a^reS embodtoent of the "J^SSSSLhgof the entire hull of said 

Wl . w 2 =880: 540 2. A watercraft having » ™" ~ handlebar assem- 

H:H 2 =380:3(K) wh erein the "-^"^SSSS TwheS said handle- 

Hr Wi =300: 880 bly for steering the v ?? en *f*f™^_ th e same 

Si+H 2 ): W,=680: 880 b £ assembly is positioned at substantially tne sam 

Ha: H 3 = 230: 450 40 height as the seat. forth in claim 1 

rdationships. „,„„,,« is , movable a«d is wi ^^,^ 0 8 i» saddle 6shi<» 

to, of the »• « . Mghih of 7 A w*«cnft haw* » disposed „ 
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„ a . „ ft Wn E a 7 hull having a lower portion body entering onto said rear deck area from the body of 
9. A watercraft h ^ S of water3 an upper portion water in which the watercraft is operating 
for ^^ m ^ b ^^SvT^^S^^ 10. A watercraft having a hull as set forth m chum 9 
denning a ^^^tlu^ed upon a portion of wherein the seat is comprised of an upper portion de- 
fl °^£!f ata^ed a s?bstS distance there above 5 ^ch&ble from a lower portion and wherein the upper 
T A ^l^dXt a rideTseat thereon in straddle mi lower portions when connected together define a 
£h£^5?3£8ert knees being at least at a level pair of vertically spaced enclosed buoyant areas 
S^w sS seS aSd in a generally standing posture, a n. A watercraft having a hull as set forth in claim 10 
n Jroffoot a^ on opposite sides of said seat denned wherein the upper and lower portions define a cavity 
iwsaid deck for accommodating the rider's feet, a con- 10 for storage of articles. 

tr^l meam^for said watercraft forwardly of said seat and n A watercTa ft having a hull as set forth in claim 1 
accessible by a rider seated on said seat, said hull lower ^ ^ ^ ^ comprised of an upper portion de- 

Srton being configured to facilitate leaning of said ^ a lower portion and wherein the upper 

watercraft like a motorcycle when turning, and a rear lower portions when connected together define a 

deck area to the rear of said seat and s,zed for acoom- 15 Qf v£rticaUy ^ enclosed buoyant areas, 
modating a rider standing thereon, said raised portion of P a watercraft having a hull as set forth m claim 12 
said deck accommodating said seat being formed with a ^ lower portions define a cavity 

beneath said seat to accommodate a portion of a rider's 20 
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l57] ABSTRACT 

A low center-of-gravity cycle is provided in which the 

SdeTislupportedin a 

rider support member mounted on the body of tnecy 
cte Front wheels mounted on the front of die body 
are used to steer the cycle wh le a smgle _ wheel 
mounted on the rear of the cycle » used Ito to« .to 
cvde The cycle is extremely stable and reduces nder 
fatiSiebe^L of the substantially lying posifon of 
StoBerSX brings about the low center-of-grav.ty 
and less air resistance. 

7 Claims, 8 Drawing Figures 
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LOW center of'cravt.ycy™ s^riisa^74«ff 

! . Field of the Invention ^ membe F r frame is constructed by combining ,nto a 

The present invention relates to a tow center-of 5 siae ^ some othef „ f t 

erlvity cycle comprising two front surface touching- single un.^oy » ^ member 3 locate<J 

means such as. steering wheels and at .tent one rear ™ m ° e ortion of the body 1 with a rear upper 

^wneel for stabilizing a body thereof. The cycle has at ^ejront P member g located at he 

frlder support means such as a seat whereon _a nder membe 4 a^ f a.ong with a center member 

can sit at an extremely iow position like. a racing car iu rear p» ^ ^ dirccUon of the body 

driving position in such a manner that he lies ; substan- 6 ™^ "J^on ^ ^ front uppe r member 2 with 

me^b^ 15 "^^^^^^ 

and plate means made of aluminum, steel and s.rmlar ^ ^ u> ^ ^ ends of prefera- 

mauriab or molds of synthetic resm. ted right ^ , e ft front lower ^members 3 are 

2. Description of the y y idl connected together by means of a front cross 

The disadvantage with conventional bicycles « ; *at V n which support s a vertical shaft not 

SUMMARY OF THE INVENTION "^KTSl^S U^S FM. 3). The 

^"'brief description of the drawings . 

FIG 1 is a perspective view showing an embodiment a-J ^,^^22 is provided in the dnve 
•"fISsTS 3 a respectively plan view and a side -chan^ ^ engagedo th e secondary 

a crank shaft 20. 4 G ear ratios of the above sprockets are selectable a 

SglSr^tri-^^*^"?? '^ettionof^ 
on he cycle n accordance with the present invent^ M The »JJ „ „ y ^ a belt> sha ft. or »m.- 

TIG. 7 illustrates skis which may be used m place of tothe^ ^ -b«« 
^^s^swhichmaybeusedin jSfflffiffSStt 
plaC e of the front wheels of the cycle. of ^ d lef t pedals 19, the body 

™^o^^^ 

,„ FIGS. 1. 2 and 3, cycle body 1 is formed of pipe »* *° 
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over the bar 26 wUI serve to protect the rider s head. 
A speed change mechanism 28 fitted in the cycle of the 
preLnt invention is one used for conventional b.cycles. 
Asteering lever handle 29 is fitted on the fron upper .0 
, ^ the body 1. An independent handle 29 is 
prided on each "side" The lever handle 29 is United to 
a guide arm 11 through a link mechanism ofaw.re and 
othermeansaOofthesteerinEsystem.Theleverh^ 
29 can turn to the guide arm 11 to a given direction to 15 
• %St the pair of shaft mounted wheels 14 = 
parallel. This makes the steering operation easy in any 
direction. The guide arm 11 may be turned by a «,„ 
venUonal steering system comprised of round handle or 
lever handle instead of the lever handle 29. 

The braking system, which is ««s* 0 ™>*»^gZ 
lever 31 adjacent to the grip of each ever handle 29 as 

bodtment, fee cycle according to the present invention 
firstfthe body provided with the front cross 
member to connect the front ends or adjacent portions 
hereof of the side member frames or 
formed symmetrically on both ^.V^^XS 
rider to sit in a very low position as in lying on his i tack. 
The cvcle has a rear wheel shaft at the rear end, and 
Se Sms which are rotatably supported around tto 
vertical shafts supported by the respectrve guides arm 
Sports arranged at both sides °^e of a 
hodv The guide arms are connected together by a lie 
roforThe^ 

are fitted to the respective guide arms and the drive 
wheel are supported by the rear wheel shaft with bear- 
ings and are driven by a drive mechanttm. The drive 
mechanism includes a crank shaft, having the pair of 
pedals one on each side, which U fitted on the tody A , 
rollover bar is positioned across the rear portion of the 

*Tg P u"de an\.s hereby permitting parallel movement , 
of the pair of steering wheels through the guide arrns^ 
Therefore, the cycle according to the present invention 
J h . e ow?n lis center of gravity -and hig* , in 
it can be used for sports and other special «™ces as 
weTas general cycling- In addition it a very light ,n 
weight. easy to handle and high in durabihty. 
Furthermore, as shown in FIG. 6, £ 

fatigue during cycling and allowing him to rest wn. e 
TC ^Z^^S^s in a very low posi- 
lio £e frlta. area is reduced thereby reducing the air 
reliance by about 25 to 80 percent o the 
sistance of conventional riders and bicycles, in aa 
!!on, since the reaction to the pedaling force of both 



feet of the rider is received by the back of the seat to 
which the" rid er-s back is fitted, the force of the whole 
body can be effectively utilized for pedaling. 

Furthermore, the steering mechanism ,s not : required 
to be high and the strength and difficulty in balancing 
the weight of the rider's body due to pedaling is ehmi- 
nated. The steering lever handles are Preferably lo- 
cated in the vicinity of his hands in his natural seating 

P °Sermore. a plurality of screw fittins ; holes car, .he 
additionally bored on the washer plate 16 and Rearing 
holder 17 to adjust the position of the crank shaft ac 
ceding to the ileight of the rider, if required. This ,s 
verv effective for the users. 

The steering wheels 14' can be replaced by skis 14 
forusinjthe cycle in snow or by skate blades 14" for 

nt^nUnvenUon maybe embodied inother spe- 
cific forms without departing from the spirit of or es- 
senUaTc^aracteristics thereof. The presently r d.sclosed 
embodiments are therefore to be considered ,n all re- 
spects as illustrative and not restrictive, the scope of 
Kvention being indicated by the appended cU urns 
rather than the foregoing description, and all changes 
whTch cc^e within die meaning and range of equ.va- 
Tency of the claims are therefore intended to be em- 
braced therein. 

l. C Alow center of gravity cycle comprising: 
a. body means including first and second side , mem- 
bers and coupling members coupling said first and 

second side members; o „ c 

b rider support means mounted on said body means 
for supporting the rider of said cycle in a substan- 

s^fbody and touching the surface below said 
«cle and operatively connected to said body 
means for supporting said body means above the 

d-wSmeans mounted on the rear of said body 
means wherein said body means is posU.oned 
below the plane parallel to the surface through the 
Sp of said wheel means such that the center of 
5 gravity of said cycle with the rider m said rider sup- 
port means, lies below said plane; 

e. pedal means positioned to be operated by the nd- 

f. drivl'unkage means coupling said wheel means to 
° said pedal means wherein the operation of said 

nrdal means by the driver drives said wheel means 
thereby causing said cycle to move along said sur- 

g ^ertntmeans mounted on said body and posi- 
SS ttoned to be operated by the rider and coupled to 
said surface touching means for steering said cycle 
2. The cycle of claim 1 wherein said first and second 
side members each comprise tubular structural mem- 

60 "T'The cycle of claim 1 wherein said first and second 

65 "rAHy^fclaim 1 wherein said surface touching 
" TAe'yc^of claim 1 wherein said surface touching 
means are skate blades. 
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7. The cycle of claim 1 wherein said steering means 
C Tmanua«y operated handles means positioned to be 
b .^r^n^ , m -scoup l in 5S aidha„d,e m ean S 5 



to said surface touching means such that move- 
ment of said handle means causes a correspond.ng 
movement of said surface touching means thereby 
Changing the direction of movement of sa.d cycle. 
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The mechanism comprises a swinging arm (1) whicb pivots 
at one end on a wheel (2) and at the other end on the fraxne 
of the vehicle, and comprises a power pinion (20) and a 
driven pinion (21) on me shaft of the drive wheel joined 
together by a chain. 

It is characterized in that the swinging ann W 
parallel to the "antisquat" direction which is defined by he 
distance between the axes (8,10) of the wheels (2,4) and the 
center of gravity of the vehicle. 

The branches (28,29) of the chain (22) are parallel to the 
swinging arm (1). 

The effects of the drive wheel (2) and the chain (22) on the 
swinging arm (1), which tend to open and close it, are 
reduced. 

19 Claims, 11 Drawing Sheets 
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SUSPENSION/TRANSMISSION MECHANISM 
FOR MOTORCYCLES AND THE LIKE 

The present invention relates to a suspension/ 
transmission mechanism for motorcycles and the like, com- 
prising at least one swinging arm which pivots at one end on 
one or both sides of at Least one of the wheels and at the 
other end on the frame of the vehicle, and comprising a 
power or drive shaft output pinion and a driven pinion or 
crown gear on the shaft of the drive wheel joined together by 
at least one chain or the like. 

BACKGROUND OF THE INVENTION 
In vehicles which use a suspension/transmission mecha- 
nism of the type described, the combined action of the force 
of the chain and the contact force due to traction can produce 
reaction forces on the swinging arm which are the cause of 
considerable instabilities in the vehicle. 

The basic design of the chain transmission geometry of 
conventional motorcycles is suitable for avoiding the lifting 
or sinking of the rear end during acceleration or deceleration 
while the traction wheel is fully gripping the ground. 

Nevertheless, when the traction wheel loses or recovers its 
grip with the ground an abrupt change in the equilibrium of 
forces is produced giving rise to considerable reaction forces 
on the swinging arm which cause* instabilities in the motor- 
cycle such as the phenomena known as "pitching" and "high 
sider": 

Independently of the type of motorcycle suspension/ 
transmission system, the resultant force on the drive wheel 
at the point of contact with the ground, due to acceleration 
and in the absence of slipping (the forces due to weight 
being eliminated), is in a direction known as " an ti squat" 
which is defined by the wheelbase of the motorcycle and the 
height of the center of gravity. 

The effect of any force applied to a wheel which can rotate 
freely is transferred to the support (in this case the swinging 
arm) via the pivot while the wheel accelerates. 

If the traction wheel suddenly loses its grip with the 
ground, the contact force disappears and the wheel acceler- 
ates. Then only the force of the chain is transferred to the 
'swinging arm via the wheel pivot. 

This gives rise to a considerable opening moment of the 
swinging arm relative to the frame, an effect which is 
converted into a lifting of the rear end of the vehicle if it is 
in the vertical position, or an escape of the wheel if the 
motorcycle is in an inclined position. 

If, after hard acceleration, the drive wheel completely and 
suddenly recovers its grip with the ground, without the force 
of the chain acting, the contact force reappears due to the 
rapid deceleration of the wheel. 

Then only the contact force is transferred to the swinging 
arm via the wheel pivot. This force gives rise to a consid- 
erable closing moment of the swinging arm relative to the 
frame which is converted into a dropping of the rear end of 
the vehicle. 

Assuming that the force of the chain is approximately 
constant while the vehicle accelerates, after the first wheel 
slip a complex phenomenon of self-sustaining oscillations of 
the system of forces appears, leading to an oscillation of the 
contact force intensity relative to its initial value. 

This oscillation provokes an opening and closing phe- 
nomenon of the swinging arm which gives rise to the 
continuous instability of the vehicle while accelerating at the 
limit of its grip. 
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In fact, as the wheel begins to slip (increasing its angular 
velocity to a value above that corresponding to the velocity 
of the vehicle) the couple of the force of the chain becomes 
greater than that of the contact force of the wheel. Due to the 

5 first of the phenomena described above, this produces a 
tendency for the swinging arm to open which causes an 
increase in the contact force. 

The increase in the contact force causes the drive wheel 
to decelerate (returning to the wheel velocity which corre- 

10 sponds to the velocity of the vehicle), giving rise to a couple 
of the contact force on the swinging arm which is greater 
than that of the force of the chain. Due to the second of the 
phenomena described above, this produces a tendency for 
the swinging arm to close, which causes the wheel to lose its 

15 grip with the ground and can thus cause it to slip again. 
This phenomenon is known as "pitching" and occurs 
particularly in vehicles with a low weight-to-power ratio. 
Once it has started in the rear portion of the vehicle it is 
transmitted to the front suspension and can easily cause the 

20 vehicle to become totally unstable. 

The instability stops when the rider releases the throttle, 
which is not convenient during a race. 

In the case of a complete and sudden slip at the point at 

25 which the wheel is in contact with the ground (due to an oil 
patch, sand, humidity, painted lines etc.) the first of the two 
phenomena described gives rise to a violent opening of the 
swinging arm which tends to throw the rider upwards and 
forwards with a force comparable to his own weight. This 

30 tendency is absorbed to a large extent by the shock absorb- 

If this phenomenon occurs while the motorcycle is in an 
inclined position on a bend, it can give rise to more complex 
and more dangerous situations. 

35 In fact, the opening of the swinging arm due to abrupt 
slipping causes an over-inclination which (often followed by 
a throttle release) causes the drive wheel to find its grip 
again. Then the swinging arm closes relative to the frame 
while the motorcycle moves in the opposite direction and 

40 returns to the vertical position. A subsequent reaction force 
throws the rider upwards. 

This phenomenon is known as "high sider" and can cause 
very dangerous falls. 

These phenomena are due on one hand to the arrangement 

45 of the swinging arm relative to the frame where the forces 
which act on the drive wheel are transmitted to the swinging 
arm, and on the other hand to the direction of the chain 
which also acts on the swinging arm. 

50 In order to minimize the effects of the drive wheel and the 
chain on the swinging arm various solutions have been 
sought based either on controlling the accelerations and 
decelerations, such that they are effected gradually, or in 
damping the movements of the swinging arm. 

55 Nevertheless, none of the solutions adopted proposes a 
new arrangement of the swinging arm relative to the frame, 
i.e. a design which enables the effects of the drive wheel 
movements on the swinging arm to be substantially reduced, 
nor a chain arrangement which minimizes its effects. 

60 DESCRIPTION OF THE INVENTION 

The drawbacks described are solved by means of the 
mechanism of the invention. 
The suspension/transmission mechanism for motor-cycles 
65 and the like which forms the object of the present invention 
is characterized in that for at least one of the wheels the 
virtual line which joins the two pivot points of the swinging 
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arm is substantially parallel to a line which goes from the 
point of tangency of that wheel with the ground to a higher 
point defined by the intersection of a line which runs 
perpendicular to the ground from the point of tangency with 
the ground of the opposite wheel and a line which runs 
parallel to the ground at the height of the center of gravity 
(if the vehicle and rider assembly in a position of positive or 
negative acceleration. 

By means of the arrangement of the swinging arm in the 
"antisquat" direction the effects of the drive wheel on the 
swinging arm, which tend to close it during a complete and 
sudden recovery of the traction wheel grip, are reduced. 

Thus, the mechanism can be applied to the rear wheel, the 
front wheel or to both wheels simultaneously, reducing the 
negative effects described which appear particularly during 
abrupt acceleration and braking. In particular, the effect of 
abrupt braking is reduced if the mechanism is applied to the 
front wheel; similarly, the effect of abrupt acceleration is 
reduced if applied to the rear wheel. 

According to one embodiment, the mechanism of the 
invention comprises, between the power or drive shaft 
output pinion and the driven pinion or crown gear of the 
drive wheel, a complementary transfer pinion and a guide 
pinion or pulley which is rotationally mounted at the high 
pivot point of the swinging arm and which has a diameter 
that is substantially equal to that of the crown gear which 
forms an integral part of the rear wheel, thereby maintaining 
the two input and output branches of the transmission chain, 
belt or the like, which act on the driven pinion of the rear 
wheel, substantially parallel to each other and to the swing- 
ing arm. 

In this way the reaction forces of the chain on the 
swinging arm, which tend to open it during complete and 
sudden slipping of the drive wheel, are reduced. 

The branches of the chain can be arranged parallel to each 
other with various types of transmission. 

According to another embodiment, the mechanism of the 
invention comprises, between the pivot axis where the 
swinging arm joins the frame of the vehicle and the axis of 
the power or drive output pinion, a first transmission chain, 
belt or the like which engages the pinion with a first crown 
gear or pulley which is coaxial with the axis of the swinging 
arm, and a second chain or belt which transmits the power 
from the axis of the swinging arm to the axis of the drive 
wheel via two more crown gears or pulleys, preferably of the 
same diameter and mounted on the corresponding axes. 

In this embodiment the transfer pinions are eliminated, 
thereby reducing the changes in the tension of the chain. 

According to another embodiment, the mechanism of the 
invention comprises, between the power pinion and the 
driven pinion or crown gear of the drive wheel, a guide 
pinion or pulley which is rotationally mounted at a point on 
the frame of the vehicle above the pivot axis of the swinging 
arm on the frame, and a complementary transfer pinion 
arranged on the transmission itself between the drive wheel 
and the power pinion, this second transfer pinion being 
rotationally mounted at a point on the frame of the vehicle 
below the pivot axis of the swinging arm on the frame, such 
that between them they keep the two input and output 
branches of the transmission chain, belt or the like, which act 
on the driven pinion or crown gear of the rear wheel, 
substantially parallel to each other and to the swinging arm, 
the branches being substantially parallel to the diagonal 
which goes from the point of tangency of the drive wheel 
with the ground to a higher point defined by the intersection 
of the virtual axis which runs perpendicular to the ground 
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through the axis of the front wheel and the virtual axis which 
runs parallel to the ground through the center of gravity of 
the vehicle and rider assembly in a position of maximum 
acceleration. 

5 In this embodiment a reduced friction with a single chain 
is achieved. 

Another characteristic of the invention is that the pivot 

point of at least one of the swinging arms on the frame is 

situated close to the center of gravity of the vehicle and rider 
10 assembly in a position of positive or negative acceleration, 

at a distance from the center of gravity which is less than the 

maximum dimension of the crankcase. 
In this way the moments which act on the axis of the 

swinging arm or arms, as the axis moves above or below its 
15 optimum working position, are neutralized as much as 

possible during both maximum acceleration and maximum 

braking. 

Another characteristic of the invention is that it comprises 

20 an intermediate piece arranged between the swinging arm 
and the frame of the motorcycle, the intermediate piece 
pivoting about the high pivot point of the swinging arm and 
sliding relative to the frame of the motorcycle in the "anti- 
squat" direction, elastic means being provided between the 

2J frame and the intermediate piece. 

Since the swinging arm is joined to the frame by means 
of an intermediate piece, and since elastic means are pro- 
vided between these two parts, the effect of the jolts pro- 
duced by the abrupt accelerations and decelerations of the 

30 rear wheel is damped. In this way the riding conditions of the 
motorcycle are improved. 

According to another embodiment, the transfer pinion is 
mounted on a support which pivots about said high pivot 
point of the swinging arm. 

35 In this way, as the swinging arm moves the transfer pinion 
can always be arranged in the optimum engagement 
position, i.e. with its axis always at the same distance from 
the axis of the guide pinion or pulley. 

Advantageously, the suspension/transmission system of 

40 the invention comprises elastic means provided between the 
frame and the support of the transfer pinion. 

Said elastic means, for example a spring, compensate the 
tension of the chain and keep the transfer pinion support in 
an appreciably stable position. 

45 According to one embodiment the intermediate piece 
comprises at least one axis which slides within a correspond- 
ing housing provided in the frame of the motorcycle, for 
example a pair of grooved axes which can slide within 

5Q complementary grooved housings. 

According to another embodiment, the intermediate piece 
comprises at least one bousing inside which slides the 
corresponding axis that forms an integral part of the frame. 
It can consist, for example, of a grooved bousing along 

55 which slides the grooved end of the frame. 

Advantageously, the suspension/transmission system 
comprises elastic means arranged between the intermediate 
piece and the transfer pinion support. 

According to another embodiment, the intermediate piece 

60 is coupled to the fuel tank of the vehicle. This simplifies the 
structure of the motorcycle. 

Also advantageously, the suspensionAransmission mecha- 
nism comprises three basic structures which pivot about a 
common point corresponding to the pivot point of at least 

65 one of the swinging arms on the frame, a non suspended 
structure formed by the elements supported directly by at 
least one of the wheels, a first suspended structure which 



5,9C 

5 

supports the engine, and a second suspended structure which 
constitutes the rider's grip support, such as handlebars, 
footpegs or seat, and, in one case, support elements for the 
other wheel. 

In this way the effects of abrupt acceleration and decel- 
eration on the rider are minimized. 

The suspension/transmission mechanism also comprises 
elastic means arranged between the different structures 
described and, in one case, between the two swinging arms 
of both wheels. Thus, the oscillations of the wheel or wheels 
are transmitted first to the first suspended structure which 
supports the engine, reducing the effect upon the second 
suspended structure where the rider is placed. In the case of 
swinging arms on both of the wheels the oscillation can be 
transmitted from one swinging arm to the other. 

According to a preferred embodiment, the engine is 
mounted in such a way that the crankcase is arranged above 
the cylinder. 

This arrangement of the cylinder relative to the crankcase 
leaves more free space in the lower part of the motorcycle, 
enabling it to be inclined further when going around a bend 
and simultaneously lowering the center of gravity. 

The cylinder can be arranged in front of the carburetor, 
relative to the direction of travel of the vehicle, but it may 
also be arranged behind to make it easier to connect the 
exhaust and intake pipes. 

Also advantageously, the engine is mounted in such a way 
that the power pinion is arranged close to the pivot point of 
at least one of the swinging arms on the frame at a distance 
which is less than the maximum dimension of the crankcase. 

In this way the power pinion is brought as close as 
possible to the pivot axis of the swinging arms, increasing 
the transmission performance and even making possible the 
direct transmission from the power pinion to the crown gear 
(whose diameter is substantially the same) of the drive 
wheel axis. 

According to another embodiment, the brake disc is 
mounted directly onto the axis of the transfer pinion situated 
between the power or drive output pinion and the crown gear 
which forms an integral part of the drive wheel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the characteristics of the present invention be 
better understood, the accompanying drawings show by way 
of a non-limiting example one practical embodiment 

In the drawings, 

FIG. 1 shows schematically the forces which act in the 
mechanism of the invention; 

FIG. 2 shows in side elevation a non suspended structure 
of the motorcycle of the invention shown in FIG. 12, where 
the arrangement of the swinging arms can be seen; 

FIG. 3 is a side elevation view of a motorcycle provided 
with an intermediated piece between the swinging arm and 
the frame; 

FIGS. 4 to 7 show in side elevation various embodiments 
of the invention with different types of swinging arm and 
transmission chain; 

FIG. 8 is a plan view of the central part of a motorcycle 
showing an alternative embodiment of the intermediate 
piece where, for greater clarity, the transmission is not 

FIG. 9 is a plan view of the central part of a motorcycle 
showing another alternative embodiment of the intermediate 
piece where, for greater clarity, the transmission is not 
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FIG. 10 is a plan view of the central part of a motorcycle 
showing another alternative embodiment of the intermediate 
piece where, for greater clarity, the transmission is not 

5 FIG. 11 shows a first suspended structure which supports 
the engine together with the non suspended structure shown 
in FIG. 2; 

FIG. 12 is a side elevation view provided with the 
structures shown in FIGS. 2, 11 and 13; 
10 FIG. 13 shows a second suspended structure which con- 
stitutes the rider's grip support together with the non sus- 
pended structure shown in FIG. 2; 

FIG. 14 shows in elevation an embodiment of the engine 
where the cylinder is arranged behind the carburettor to 
1S make it easier to connect the exhaust pipe; and 

FIG. 15 is a side elevation view of an embodiment of the 
motorcycle with a particular brake disk arrangement. 
DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
20 As can be seen in FIG. 2 for greater clarity, the suspension 
mechanism for motorcycles and the like which forms the 
object of the present invention comprises a swinging arm 1 
which pivots at one end about the rear wheel 2 and a 
swinging arm 3 which pivots about the front wheel 4 via the 
25 steering fork 5. 

For both the front wheel 4 and the rear wheel 2 the virtual 
line 6,7 which joins the two pivot points 8,9;9,10 of the 
swinging arm is parallel to a line 11,12 which goes from the 
point of tangency 13,14 of the wheel 2,4 with the ground to 
30 a high point 15,16 defined by the intersection of a line 17,18 
which runs perpendicular to the ground through the point of 
tangency 13,14 with the ground of the opposite wheel and a 
line 19 which runs parallel to the ground at the height of the 
center of gravity (c.o.g.) of the vehicle and rider assembly in 
a position of positive or negative acceleration. 

FIG. 6 shows a motorcycle whose swinging arm 1 fulfils 
the above conditions and comprises a power pinion 20 (or 
engine drive shaft 20a output pinion), and a driven pinion or 
crown gear 21 on the axis of the drive wheel, joined by a 
chain 22. 

It also comprises, between the power pinion 20 and the 
driven pinion or crown gear 21, a guide pinion or pulley 23 
which is rotationally mounted at a point 24 on the frame 25 

45 of the vehicle above the pivot axis 9 of the swinging arm 1 
on the frame, and a complementary transfer pinion 26 
arranged in the transmission itself, between the drive wheel 
2 and the power pinion 20. 

This second transfer pinion 26 is rotationally mounted at 

50 a point 27 on the frame below the pivot axis 9 of the 
swinging arm such that between them they keep the two 
input 28 and output 29 branches of the chain 22 substantially 
parallel to each other and to the swinging arm. 

As can be seen the branches 28,29 are substantially 

55 parallel to the line 11 which goes from the point of tangency 
13 of the drive wheel with the ground to high point 16 
defined by the intersection of the virtual axis 18 which runs 
perpendicular to the ground through the axis 10 of the front 
wheel 4 and the virtual axis 19 which runs parallel to the 

so ground through the center of gravity (c.o.g.) of the vehicle 
and rider assembly in a position of maximum acceleration. 

The forces which act in the mechanism of the invention 
are represented in FIG. 1. The figure shows a rear drive 
wheel 2 and a front wheel 4. 

65 The contact force Fc is the resultant of the force FR due 
to mass transfer and the traction force T, and acts in the 
"antisqual" direction defined above. 
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Since the swinging arm 1 is arranged in the "antisquat" 
direction, the couple which tends to close the winging arm 
during a complete and sudden recovery of traction wheel 
grip is eliminated. 

By means of the arrangement of the chain, the force Fch 
exerted by the chain does not produce a couple tending to 
open the swinging arm during a complete and sudden 
slipping of the drive wheel. 

The embodiments shown in FIGS. 3, 4, 5 and 7 also fulfil 
the same conditions of the swinging arm or arms and of the 
chain, but have further particular characteristics. 

The embodiment shown in FIG. 3 comprises, between the 
power pinion 20 and the driven pinion or crown gear 21, a 
complementary transfer pinion 26 and a guide pinion or 
pulley 30 which is rotationally mounted at the high pivot 
point 9 of the swinging arm and which has a diameter that 
is substantially equal to that of the crown gear 21 which 
forms an integral part of the rear wheel 2, thereby main- 
taining the two input and output branches 28,29 of the chain 
22, which act on the driven pinion 21 of the rear wheel 2, 
substantially parallel to each other and to the swinging arm 
1. 

This embodiment also comprises an intermediate piece 31 
arranged between the swinging arm 1 and the frame 25 of 
the motorcycle. This intermediate piece 31 pivots about the 
high pivot point 9 of the swinging arm 1 and slides relative 
to the frame 25 of the motorcycle in the "antisquat" direc- 
tion. Elastic means 32 are provided between the frame 25 
and the intermediate piece 31. The transfer pinion 26 is 
mounted on a pivoting support 33 joined to the intermediate 
piece with elastic means 33a. 

FIG. 4 shows an embodiment which meets the same 
conditions of the invention, but which has two swinging 
arms 1,1a of the type described in the Spanish addition 
certificate 8703028. In this case it is the virtual lines 34,35 
joining the pivot points 36,37 and 38,39 which are substan- 
tially parallel to the "antisquat" direction and to the branches 
28,29 of the chain 22. This embodiment has the additional 
advantage that it is provided with means 40,41 of regulating 
the length of the swinging arms 1,1a in order to adjust the 
tension in the chain. 

FIG. 5 shows an embodiment which comprises, between 
the pivot axis 9 of the swinging arm 1 on the frame 25 of the 
vehicle and the axis 20a of the power pinion 20, a first chain 
42 which engages said pinion 20 with a first crown gear 43 
which is coaxial with the axis 9 of the swinging arm 1, and 
a second chain 22 which transmits the power from the axis 
9 of the swinging arm 1 to the axis 8 of the drive wheel 2 
via two more crown gears 21,30 of the same diameter. 

The embodiment shown in FIG. 7 has a swinging arm and 
a chain mechanism which are identical to those of FIG. 3. In 
this case the transfer pinion 26 is mounted on a support 33 
which pivots about the high pivot point 9 of the swinging 
arm 1 without the intermediate piece 31. The support 33 is 
joined to the frame 25 with elastic means. 

FIG. 8 shows an alternative embodiment of the interme- 
diate piece 31 shown in FIG. 3. The intermediate piece 31 
comprises a pair of axes 45,46 which slide within corre- 
sponding housings 47,48 provided in the frame 25 of the 
motorcycle. The elastic means 32 can also be seen in the 
figure. 

In the embodiment shown in FIG. 9 the intermediate piece 
31 comprises at least one housing 49 inside which slides a 
corresponding axis 50 which forms an integral part of the 
frame 25 of the motorcycle 

In the embodiment shown in FIG. 10 the intermediate 65 
piece 31 is housed in the fuel tank 51 of the motorcycle and 
it slides therein. 
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FIG. 12 shows a motorcycle with the swinging arm 
arranged in a direction which is appreciably parallel to the 
"antisquat" direction. 

As can be seen in FIG. 2, the center of gravity (c.o.g.) is 
5 situated very close to the pivot point 9 of the swinging arms 
1,3. The distance between these two points is much less than 
the maximum dimension of the crank case 63 (FIG. 12). 

As the FIGS. 2, 11, 12 and 13 show, the motorcycle 
represented in FIG. 12 comprises three basic structures 
10 which pivot about a common point 9 corresponding to the 
pivot point of the swinging arms 13 on the frame: 

a non suspended structure 52, represented separately in 
FIG. 2, formed by the elements which are directly 
supported by the wheels 2,4, 
15 a first suspended structure 53, represented in FIG. 11 
together with the non suspended structure 52, said 
suspended structure supporting the engine 54, 
and a second suspended structure 55, represented in FIG. 
13 together with the non suspended structure 52, said 
20 suspended structure 55 constituting the rider's grip 
support, such as handlebars 56, footpegs 57 or seat 58. 
The suspension mechanism also comprises elastic means 
59,60 (FIG. 11) and 61,62 (FIG. 1) provided between the 
various structures. 

Although for simplicity it has not been shown, the two 
swinging arms 1,3 may be arranged on either side of the 
motorcycle. 

In the preferred embodiment shown in FIG. 12 the crank- 
case 63 is located above the cylinder 64. This arrangement 
30 of the cylinder relative to the crankcase leaves more free 
space in the lower part of the motorcycle, enabling it to be 
inclined further when going around a bend and lowering the 
center of gravity. 

According to another embodiment shown in FIG. 14, the 
35 cylinder 64 can be arranged behind the carburetor 65, 
relative to the direction of travel of the vehicle, to make it 
easier to connect the exhaust and intake pipes. 

As said figure shows, the engine is mounted in such a way 
that the power pinion 20 is arranged close to the pivot point 
40 9 of the winging arms 13 at a distance which is less than the 
maximum dimension of the crankcase 63. 

FIG. 15 is a side elevation view of an embodiment of the 
motorcycle with a particular brake disk arrangement. 

FIG. 15 shows an embodiment in which the brake disc 66 
is mounted directly onto the axis of the transfer pinion 26 
situated between the power or drive output pinion 20 and the 
crown gear 21 which forms an integral art of the drive wheel 
2. 

I claim: 

1. A suspension/transmission mechanism for motorcycles 
and other vehicles having at least one wheel and a motor 
output, comprising 

at least one elongate swinging arm for coupling said at 
least one wheel to said frame, said at least one swinging 
arm being structured and arranged to pivot at a first 
pivot point at one end on at least one side of said at least 
one wheel and at a second pivot point at the other end 
on said frame, 
one of a power pinion and an engine drive shaft pinion 

coupled to the motor output, 
one of a driven pinion and a crown gear arranged on a 

shaft of said at least one wheel, 
at least one chain for motively coupling said one of said 
power pinion and said engine drive shaft pinion to said 
one of said driven pinion and said crown gear, 
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said at least one swinging arm being arranged such that a 
virtual line joining said first and second pivot points is 
substantially parallel to a line extending from a point of 
tangency of said at least one wheel with the ground to 
a high point defined by the intersection of a line which 5 
runs perpendicular to the ground through the point of 
tangency with the ground of a wheel opposite said at 
least one wheel and a line extending substantially 
parallel to the ground at the height of the center of 
gravity of the vehicle and rider assembly in a position 1Q 
of positive and negative acceleration in a horizontal 
direction, 

a complementary transfer pinion arranged between said 
one of said power pinion and said engine drive shaft 
pinion and said one of said driven pinion and said 15 
crown gear, and 

a guide member arranged between said one of said power 
pinion and said engine drive shaft pinion and said one 
of said driven pinion and said crown gear and rotation- 
ally mounted at said second pivot point, said guide 20 
member having a diameter equal to a diameter of said 
one of said driven pinion and said crown gear, said at 
least one wheel being a rear wheel of the vehicle, said 
one of said driven pinion and said crown gear forming 
an integral part of said rear wheel, said at least one 25 
chain comprising a first chain for operatively connect- 
ing said one of said driven pinion and said crown gear 
and said guide member such that portions of said first 
chain between said one of said driven pinion and said 
crown gear and said guide member are substantially 30 
parallel to each other and to said at least one swinging 

2. The mechanism of claim 1, further comprising 

one of an additional crown gear and a pulley having a 
rotational axis coincident with said second pivot point, 35 
said guide member having a rotational axis coincident 
with said second pivot point and rotationally connected 
to said one of said additional crown gear and said 
pulley, said at least one chain further comprising a 
second chain for operatively connecting said one of 40 
said power pinion and said engine drive shaft pinion 
and said one of said additional crown gear and said 
pulley, said guide member and said one of said driven 
pinion and said crown gear having substantially the 
same diameter and substantially the same axis of 45 
rotation, said one of said power pinion and said engine 
drive shaft pinion transferring motive power to said one 
of said driven pinion and said crown gear on said at 
least one wheel via said first and second chains. 

3. The mechanism of claim 1, wherein said guide member 50 
comprises one of a guide pinion and a pulley rotationally 
mounted at a first mounting point on said frame between said 
one of said power pinion and said engine drive shaft pinion 
and said one of said driven pinion and said crown gear of 
said at least one wheel, said first mounting point being 55 
situated above said second pivot point of said at least one 
swinging arm, and 

a second complementary transfer pinion arranged 
between said at least one wheel and said one of said 
power pinion and said engine drive shaft pinion, said 60 
second transfer pinion being rotationally mounted at a 
second mounting point on said frame below said sec- 
ond pivot point of said at least one swinging arm, said 
at least one chain further comprising a second chain for 
operatively connecting said one of said driven pinion 65 
and said crown gear and said one of said power pinion 
and said engine drive shaft pinion such that a first 
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portion of said second chain between said second 
transfer pinion and said one of said driven pinion and 
said crown gear and a second portion of said first chain 
between said one of said guide pinion and said pulley 
and said one of said driven pinion and said crown gear 
are substantially parallel to each other and to said at 
least one swinging arm, said at least one wheel being a 
rear wheel of the vehicle and said wheel opposite said 
at least one wheel being a front wheel of the vehicle, 
said first and second portions of said second chain 
being substantially parallel to the line extending from 
the point of tangency of said rear wheel with the ground 
to the high point defined by the intersection of the line 
which runs perpendicular to the ground through the 
' point of tangency with the ground of said front wheel 
and the line extending substantially parallel to the 
ground through the center of gravity of the vehicle at 
the height of the center of gravity of the vehicle and 
rider assembly in the position of positive acceleration 
in the horizontal direction. 

4. The mechanism of claim 1, wherein said second pivot 
point of said at least one swinging arm is situated close to the 
center of gravity of the vehicle and rider assembly in the 
position of positive and negative acceleration in the hori- 
zontal direction at a distance from the center of gravity 
which is less than a maximum dimension of a crankcase of 
the vehicle. 

5. The mechanism of claim 1, further comprising 

an intermediate piece arranged between said at least one 
swinging arm and said frame for connecting said at 
least one swinging arm to said frame, said intermediate 
piece being structured and arranged to pivot about said 
second pivot point and slide relative to said frame, and 

elastic means arranged between said frame and said 
intermediate piece. 

6. The mechanism of claim 1, further comprising a 
support coupled to said frame and rotatable about said 
second pivot point, said transfer pinion being mounted on 
said support. 

7. The mechanism of claim 5, wherein said intermediate 
piece comprises at least one axis which slides within a 
corresponding bousing provided in said frame. 

8. The mechanism of claim 5, wherein said intermediate 
piece comprises at least one housing inside which slides a 
corresponding axis which forms an integral part of said 

9. The mechanism of claim 6, further comprising 

an intermediate piece arranged between said at least one 
swinging arm and said frame for connecting said at 
least one swinging arm to said frame, said intermediate 
piece being structured and arranged to pivot about said 
second pivot point and slide relative to said frame, and 

elastic means arranged between said intermediate piece 
and said support on which said transfer pinion is 
mounted. 

10. The mechanism of claim 5, wherein said intermediate 
piece is coupled to a fuel tank of the vehicle. 

11. The mechanism of claim 6, further comprising elastic 
means arranged between said frame and said support on 
which said transfer pinion is mounted. 

12. The mechanism of claim 1, further comprising 

a first suspended structure which support an engine, and 
a second suspended structure which constitutes a rider's 
grip support, said first and second structure being 
pivotable about said second pivot point, said at least 
one swinging arm constituting a third structure pivot- 
able about said second pivot point. 
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13. The mechanism of claim 12, wherein the engine is 
mounted in said first suspended structure such that a crank- 
case of the engine is arranged above a cylinder of the engine. 

14. The mechanism of claim 12, wherein the engine is 
mounted in said first suspended structure such that said one 
of said power pinion and said engine drive shaft pinion is 
arranged close to said second pivot point of said at least one 
of swinging arm at a distance which is less than a maximum 
dimension of a crankcase of the engine. 

15. The mechanism of claim 1, wherein a brake disk of the 
vehicle is mounted directly onto an axis of said transfer 
pinion. 

16. The mechanism of claim 3, wherein said guide mem- 
ber comprises a guide pinion or a guide pulley. 

17. The mechanism of claim 1, wherein said at least one 
swinging arm is substantially rigid and inelastic. 

18. A suspension/ transmission mechanism for motor- 
cycles and other vehicles having at least one wheel and a 
motor output, comprising 

at least one elongate swinging arm for coupling said at 
least one wheel to said frame, said at least one swinging 
arm being structured and arranged to pivot at a first 
pivot point at one end on at least one side of said at least 
one wheel and at a second pivot point at the other end 
on said frame, said at least one swinging arm being 
arranged such that a virtual line joining said first and 
second pivot points is substantially parallel to a line 
extending from a point of tangency of said at least one 
wheel with the ground to a high point defined by the 
intersection of a line which runs perpendicular to the 
ground through the point of tangency with the ground 
of a wheel opposite said at least one wheel and a line 
extending substantially parallel to the ground at the 
height of the center of gravity of the vehicle and rider 
assembly in a position of positive and negative 
acceleration, 

one of a power pinion and an engine drive shaft pinion 

coupled to the motor output, 
one of a driven pinion and a crown gear arranged on a 

shaft of said at least one wheel, 
at least one chain for motively coupling said one of said 

power pinion and said engine drive shaft pinion to said 

one of said driven pinion and said crown gear, 
a complementary transfer pinion arranged between said 

one of said power pinion and said engine drive shaft 

pinion and said one of said driven pinion and said 

crown gear, 

a guide member arranged between said one of said power 
pinion and said engine drive shaft pinion and said one 
of said driven pinion and said crown gear and rotation- 
ally mounted at said second pivot point, said guide 
member having a diameter equal to a diameter of said 
one of said driven pinion and said crown gear, said at 
least one wheel being a rear wheel of the vehicle, said 
one of said driven pinion and said crown gear forming 
an integral part of said rear wheel, said at least one 
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chain comprising a first chain for operatively connect- 
ing said one of said driven pinion and said crown gear 
and said guide member such that portions of said first 
chain between said one of said driven pinion and said 
s crown gear and said guide member are substantially 
parallel to each other and to said at least one swinging 

a support coupled to said frame and rotatable about said 
second pivot point, said transfer pinion being mounted 
10 on said support, 

an intermediate piece arranged between said at least one 
swinging arm and said frame for connecting said at 
least one swinging arm to said frame, said intermediate 
piece being structured and arranged to pivot about said 
15 second pivot point and slide relative to said frame, and 
elastic means arranged between said intermediate piece 
and said support on which said transfer pinion is 
mounted. 

19. A suspension/transmission mechanism for motor- 
20 cycles and other vehicles having at least one wheel and a 
motor output, comprising 
a frame, 

at least one swinging arm for coupling said at least one 
2j wheel to said frame, said at least one swinging arm 
being structured and arranged to pivot at a first pivot 
point at one end on at least one side of said at least one 
wheel and at a second pivot point at the other end on 
said frame, said at least one swinging arm being 
30 arranged such that a virtual line joining said first and 
second pivot points is substantially parallel to a line 
extending from a point of tangency of said at least one 
wheel with the ground to a high point defined by the 
intersection of a line which runs perpendicular to the 
35 ground through the point of tangency with the ground 
of a wheel opposite said at least one wheel and a line 
extending substantially parallel to the ground at the 
height of the center of gravity of the vehicle and rider 
assembly in a position of positive and negative 
40 acceleration, 

one of a power pinion and an engine drive shaft pinion 

coupled to the motor output, 
one of a driven pinion and a crown gear arranged on a 
shaft of said at least one wheel, 
45 at least one chain for motively coupling said one of said 
power pinion and said engine drive shaft pinion to said 
one of said driven pinion and said crown gear, 
an intermediate piece arranged between said at least one 
swinging arm and said frame for connecting said at 
so least one swinging arm to said frame, said intermediate 
piece being structured and arranged to pivot about said 
second pivot point and slide relative to said frame, said 
intermediate piece being coupled to a fuel tank of the 
vehicle, and 

55 elastic means arranged between said frame and said 
intermediate piece. 
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[57] ABSTRACT 

A vehicle in the form of a bicycle with a crankset drive, 
which is in active frictioned gripping or positive connection 
with a strand extending substantially vertically. The bicycle 
according to the invention is therefore capable of riding 
along the vertical strand. 

17 Claims, 3 Drawing Sheets 
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BICYCLE CAPABLE OF VERTICAL 
MOTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a vehicle having at least one 
crankshaft drive capable of being actuated by muscular 
power, in particular a bicycle. 

2. The Prior Art 

Various bicycle designs are known from the state of the 
art, whereby such bicycles are designed in such a way that 
riding is possible only on horizontal or slanted grounds. It is 
basically impossible with known bicycles to ride in the 
vertical direction. 

SUMMARY OF THE INVENTION 
It therefore an object of the present invention to design a 
vehicle of the type specified above in such a way to enable 
vertical rides. 

Due to the proposed friction gripping connection between 
the crankset drive of the bicycle and a substantially 
vertically-extending strand, the bicycle can move along the 
strand in the vertical direction. The strand, which is prefer- 
ably a rope, chain or perforated belt, is secured at its top end 
on a fixing point, such as a building, preferably a tower, or 
a bridge. If suitable buildings are not available as fixing 
points, the top end of the strand can be secured on a crane. 
The stand is either freely suspended from such a fixing point 
or fixed at its bottom end as well. 

Astrand freely suspended at its bottom end offers the rider 
the additional thrill of swinging while he or she is riding 
which, however, also makes riding that much more difficult. 
Particularly when participating with such a bicycle in sport 
competitions, a freely suspended strand means that power 
and endurance are important, as well as the skill of the rider. 

The friction gripping connection with the crankset drive, 
as opposed to a cable drum, provides for constant transmis- 
sion ratios between the rate of revolutions of the crankset 
and the riding speed throughout the entire ride, because the 
strand is not wound up. Therefore, basically no derailleur 
gear is needed on the bicycle. However, when such 
derailleur gear is provided, the rider can select the speed 
suitable for given ride conditions, and retain that speed 
throughout the ride. This is important because the crankset 
drive of the vehicle is constantly highly stressed when riding 
in the upward direction, which makes throw-over of the 
drive chain to another chain ring and thus changing gear 
more difficult. However, changing gears while riding 
becomes superfluous due to the proposed design of the 
bicycle. 

The friction gripping connection with the strand via a 
driven rotary element can be realized in a particularly simple 
way. No transmissions are required for translating the rotary 
motion of the crankset drive into other types of motion. The 
rotary element can be mounted directly on the shaft of the 
crankset, so that a conventional bicycle can be adapted to the 
new task with minimal expenditure. However, the rotary 
element is preferably non-positively connected with the rear 
wheel of the bicycle driven by the crankset, so that power is 
transmitted between the crankset and the rotary element via 
the drive chain of the bicycle. Any variable speed gear on the 
bicycle and the rear wheel brake can be jointly used in this 
way as well. Other types of transmission, for example by 
toothed gears, are of course conceivable as well. However, 
this would increase the re-equipping cost. 
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Providing for a variable speed gear offers the advantage 
that the bicycle can be easily adapted to different power and 
weight conditions of the rider. For example, a heavy-set 
beginner requires relatively low-gear transmission in order 

5 to be able to ride up the strand. On the other hand, a 
well-trained athlete will prefer high-gear transmission so as 
to be able to ride up at a faster speed. When a variable speed 
gear is used, the bicycle can be used universally. 

A friction-grip type connection is advantageously formed 

io by a capstan, which permits continuous passage of the strand 
in a particularly simple way. A capstan is a rotary element 
having a diameter expanding toward both axial ends. The 
strand enters the capstan rear of the widening diameter and 
loops around the capstan at least once, and preferably two to 

15 three times. The force generated between the entering strand 
and the capstan leads to displacement of the windings of the 
strand in the direction in which it runs off. This ensures that 
while riding, the strand always assumes the same position in 
relation to the capstan. This also ensures that the strand is 

20 looped around the capstan always in the same way, thus 
exerting a constant frictional force on the capstan. 

A particularly favorable design of the capstan has a jacket 
surface having a diameter that widens at both ends and at 
different angles. The different pitch angles of the diameter- 

25 widening zones of the jacket surface of the capstan permit 
favorable adaptation of the capstan to the different loads 
during up and down rides. This capstan is arranged in such 
a way that when riding up the strand, the strand enters the 
capstan at its flatter end, and exits from the capstan at its 

30 steeper end. When riding down, the strand accordingly 
enters the capstan at its stepper end. This ensures that the 
lateral displacement forces acting on the strand are approxi- 
mately the same when riding up and down the strand, in spite 
of considerable varying stresses acting on the strand. 

In order to safely prevent the strand from sliding from the 
capstan, there is preferably a guiding surface extending at 
the end of the capstan perpendicular to its axis. Provision 
can be made for such a guiding surface at both ends of the 

^ capstan. However, alternatively, it may suffice if such a 
guiding surface is present only on the flatter end of the 
capstan. This measure ensures that the capstan has an 
adequate outside diameter at both of its ends for safely 
guiding the strand without having to design the capstan with 

4S unnecessarily great length. 

As an alternative to a capstan, it is also possible to form 
the friction gripping connection by a driving disk. Such a 
driving disk keeps the strand sealed and clamped in a groove 
extending all around, and in this way ensures sufficient 

50 friction gripping interaction with the strand in spite of the 
lesser looping angle. A V-shaped cross section has been 
successfully used for the groove because the strand, due to 
its tensile force, penetrates the groove just deep enough to 
obtain an adequate friction grip. In particular, the friction of 

55 the strand does not significantly depend on the diameter of 
the strand, so that when a thinner strand is used, no reduction 
in the friction of the strand is caused that would be hazard- 
ous to the rider. 

So as to increase the friction of the strand further, the 

so circumferential groove preferably has a corrugated shape. In 
this way, the strand seized by the driving disk is reversed a 
number of times in the axial direction of the disk, so that it 
is pressed even more forcefully against the groove of the 
driving disk, finding an increased frictional surface. 

65 Fixing or pretensioning the bottom end of the strand 
increases the tensile force of the strand and thus serves to 
further increase the friction grip of the crankset with the 
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strand. This raises the gripping and holding safety, on the 
one band, and makes it possible, on the other hand, to reduce 
the number of windings around the capstan. Furthermore, 
this measure stabilizes the strand in its position, which 
reduces lateral swaying of the bicycle with the strand. This 5 
simplifies riding along the strand and thus requires less skill 
on part of the rider. 

As an alternative to a friction gripping connection, it is 
possible to form a positive connection by using a toothed 
gear engaging a chain, perforated belt, toothed belt, or 10 
toothed rack. This is slightly more costly than the friction 
gripping connection described above. However, a positive 
connection offers the special advantage that good power 
transmission is constantly ensured irrespective of the load, 
and thus regardless of which riding direction is selected. 15 
Therefore, the transmission of power between the bicycle 
and the strand is particularly safe and, furthermore, entirely 
independent of any external influences such as the weather. 

Particularly when the friction gripping or positive con- 
nection between the bicycle and the strand is made on the 20 
crankset drive or rear axle of the bicycle, the problem arises 
that the center of gravity of the bicycle and rider is generally 
located above the point of engagement with the strand. The 
rider, therefore, is in an instable equilibrium, which requires 
such rider to be specially skilled in maintaining balance. So 25 
as to achieve a stable balance in this case, provision is made 
on the bicycle for a guide supported on the strand and 
extending above the center of gravity of the bicycle and 
rider. The top end of the guide thus forms a point of support, 
and the center of gravity of the system comprising the 
bicycle and the rider is located below this support point. The 
bicycle, therefore, is in a stable equilibrium, and the position 
of the bicycle varies only slightly around a position of 
balance without any action on the part of the rider. 
Preferably, the equilibrium is adjusted in such a way that the 35 
line of connection between the rear wheel and front wheel of 
the bicycle is inclined slightly upwardly. 

The guide on the strand could be a roller secured on the 
bicycle and spaced therefrom; which seizes the strand with ^ 
particularly low friction. As an alternative, it is proposed that 
the guide be a sliding part, as such a part can be manufac- 
tured in simpler ways as compared to a roller, and is also 
safer to use. 

Designing the sliding part in the form of a tube is 45 
particularly safe, because the strand is guided enclosed in the 
tube and is thus not capable of jumping from the guide. 
Since a tube is inherently stable, no further retaining mea- 
sures are required at its upper end, so that only the bottom 
of the tube needs to be secured on the frame of the bicycle. 50 
This results in a simple structure for the bicycle, so that few 
reconstruction measures are required to convert a conven- 
tional bicycle to one according to the invention. 

Forming the tube into a curved shape permits guiding the 
strand around the rider in a particularly simple way, without 55 
causing any excessive friction between the strand and the 
tube. In addition, the tube can be lined on the inside with 
material having a smoothly gliding surface such as 
polytetrafluoroethylene, in order to further reduce friction 
with the strand. Furthermore, the rider is protected against 
the strand. 

In order to avoid damage to the strand, the tube is flexible 
at its top end. In this way, the top end of the tube can 
compensate for any swaying movements of the bicycle, and 
thus prevent buckling of the strand. The flexible end piece 
ensures smooth entry of the strand into the tube and acts like 
a protective cable bushing, such as is known with plugs of 
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electric cables. Buckling of the strand is a drawback not only 
because it may cause damage to the strand, but also in that 
any such kink would brake the ride, because the strand can 
no longer be smoothly inserted in the tube. 

It is advantageous to provide a braking device on the 
bicycle. If the rotary element interacting with the strand is 
located on a wheel of the bicycle, the operating brake acting 
on such wheel can be applied directly. For increasing safety, 
it is preferred that at least one additional brake acting on the 
wheel of the bicycle or directly on the strand is provided. 
Such brake increases the safety of the rider and prevents any 
free fall if the operating brake of the bicycle fails. The brake 
device preferably acts in such a way that starting with a 
preset falling speed, it causes wedging on the strand, thereby 
retarding the falling motion. The brake device could be 
mounted on or in the tube. 

Finally, it is preferable to equip the crankset drive with a 
freewheel or chain derailleur device in order to avoid forced 
rotation of the crankset when the bicycle is moving down the 
strand. This makes downward rides easier for the rider, as no 
pedalling is required. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects and features of the present invention will 

become apparent from the following detailed description 

considered in connection with the accompanying drawings. 

It is to be understood, however, that the drawings are 

designed as an illustration only and not as a definition of the 

limits of the invention. 

In the drawings, wherein similar reference characters 

denote similar elements throughout the several views: 
FIG. 1 shows a lateral view of a preferred embodiment of 

the invention; 

FIG. 2 shows a section through a driving disk with a 
reversing roller; 

FIG. 3 shows a section through an arrangement according 
to FIG. 2 along line III — III; 

FIG. 4 shows an alternative design of the driving disk; 

FIG. 5 shows a three-dimensional view of a capstan; 

FIG. 6 shows a section through the rear axle of the 
bicycle, the latter being equipped with a capstan; 

FIG. 7 shows a section through a capstan; and 

FIG. 8 shows a section through the crankset of the bicycle 
with a chain derailleur device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now in detail to the drawings and, in particular, 
FIG. 1, there is shown a bicycle 1 with a rider 2. On bicycle 
1, provision is made for a crankset drive 3, which can be put 
into rotation by rider 2. The rotary motion of crankset 3 is 
transmitted to a rear wheel 5 of bicycle 1 by a drive chain 
4. For such transmission, rear wheel 5 has a number of 
toothed rims 6 forming a change-over gear 7. It is possible 
in this way to adjust the transmission ratio between the rate 
of revolutions of crankset 3 and the rate of revolutions of 
rear wheel 5 in stages. Rear wheel 5 is actively connected 
with brake 5', which is required for a braked and thus safe 
ride down the strand. 

A driving disk 8 is secured on rear wheel 5. The rotary 
motion of rear wheel 5 is directly transmitted to driving disk 
8. Driving disk 8 is grippingly connected by friction with a 
strand 9 in the form of a rope, which extends substantially 
vertically. Driving disk 8 is partially looped by strand 9 
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within a part zone, so that strand 9 is reversed. So that the 
downwardly leading section of strand 9 is realigned approxi- 
mately vertically downwardly, strand 9 is reversed by a 
reversing roller 10, which in rum is supported on bicycle 1. 

In order to obtain a stable balance for bicycle 1, strand 9 
is guided in a tube 11 (shown by a sectional view), with the 
bottom end 12 of tube 11 being secured on bicycle frame 13. 
On the inside, tube 11 is coated with a gliding layer 
consisting of polytetrafluoroethylene in order to reduce the 
friction with strand 9. At its top end 14, tube 11 has a flexible 
end piece 15, which permits tube 11 to adapt to possible 
swaying movements of bicycle 1 without buckling strand 9. 
This ensures that strand 9 is smoothly fed into rube 11. Tube 
11 is curved in such a way that it guides strand 9 around rider 
2, so that the top end 14 of tube 11 is located above the center 
of gravity "S" of bicycle 1 and rider 2. This assures stable 
balance of bicycle 1. Bottom end 16 of strand 9 is preten- 
sioned by means of a weight 17 in order to increase the 
frictional grip between strand 9 and driving disk 8. 
Alternatively, strand 9 can be secured at its bottom end 16 
as well, such as by a spring. 

FIGS. 2 and 3 show sectional representations of driving 
disk 8 and reversing roller 10. Driving disk 8 is mounted on 
shaft 20. Shaft 20 has an axis 21 that coincides with the axis 
of rear wheel 5 of bicycle 1. Driving disk 8 has a V-shaped 
groove 22, in which strand 9 is guided with frictioned 
gripping. V-shaped groove 22 is made narrow, so that strand 
9 rests against flanks 23 of groove 22. In this way, strand 9, 
in accordance with its diameter, penetrates groove 22 just 
deep enough to provide it with adequate friction grip on 
flanks 23. Strand 9 loops around driving disk 8 by 180°, and 
accordingly is reversed from down to up. Such reversing of 
strand 9 is compensated by reversing roller 10, which is not 
driven. Roller 10 further reverses strand 9 by 180°. 

FIG. 4 shows an alternative embodiment of driving disk 
8'. Driving disk 8' has a V-shaped groove 22', which is 
corrugated in the axial direction. Rope 9 is forced in this way 
to deform itself in accordance with the corrugation of groove 
22'. This results in a particularly solid frictioned gripping 
connection between driving disk 8' and rope 9, so that the 
looping angle between the two can be reduced, if need be. 

FIG. 5 shows a three-dimensional representation of 
another embodiment for forming a friction grip connection 
with rope 9. In this embodiment, rope 9 is looped with three 
windings 30 around a capstan 31, which is mounted on shaft 
20 of the rear axle of the bicycle. Capstan 31 is designed 
with diameters expanding toward both ends 32 and 33, so 
that rope 9 runs upon a conical surface 34 of capstan 31. In 
this way, the clamping force of rope 9 causes a pushing force 
"F" to act on rope 9, in the direction of capstan axis 35. This 
is important to prevent rope 9 from being wound on end 32 
of capstan 31 as capstan 31 is turning, which would reduce 
the number of windings 30 of rope 9. 

FIG. 6 shows a sectional view with a cut through capstan 
31. Capstan 31 is torsionally rigidly mounted on shaft 20 of 
rear bicycle wheel 4, so that capstan 31 is driven and routed 
by rear wheel 5. Via a ball bearing 36, capstan 31 is 
supported on a support shaft 37 forming part of bicycle 
frame 13. Spokes 38 of rear wheel 5 are secured on capstan 
31 as well. 

The shape of capstan 31 is clearly shown by the half- 
sectional representation according to FIG. 7. Capstan 37 has 
a capstan jacket surface 40, the center zone of which is 
formed by a cylinder surface 41. The diameter of capstan 
jacket surface 40 widens on both sides of the cylindrical 
surface 41 in the form of conical surfaces 42 and 43. Conical 
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surfaces 42 and capstan axis 35 jointly enclose a larger angle 
a than the opposite conical surface 43 (angle p"). Capstan 31 
is mounted here in such a way that rope 9, when riding the 
bicycle up the rope, runs up on the flatter conical surface 43, 
5 as shown particularly in FIG. 6. This way, the load acting on 
the rope, which is considerably higher when bicycle 1 is 
riding up, is compensated, so that the forces of lateral 
displacement "F" acting on rope 9 are about the same when 
riding up and down the rope. So as to ensure an adequate end 
10 diameter of capstan 31 for safe rope guidance even with the 
flatter conical surface 43, capstan jacket surface 40 has, at 
the end of conical surface 43, a guiding surface 44 extending 
perpendicular to capstan axis 35. Provision for such guiding 
surface could be made at the other end of opposite conical 
}5 surface 42 as well. 

FIG. 8 shows a partly sectional view of a cutout of 
crankset 3. Crankset 3 consists of a crank 50, on which a 
pedal (not shown) is supported. Crank 50 is torsionally 
rigidly joined with a toothed rim 51, which is partly looped 
20 by drive chain 4. Drive chain 4 can be thrown into a groove 
53 by means of a chain derailleur 52, so that the active 
connection between crank 50 and drive chain 4 is canceled 
this permits riding bicycle 1 comfortably down rope 9 
without putting crankset 3. 
25 Accordingly, while only several embodiments of the 
present invention have been shown and described, it is 
obvious that many changes and modifications may be made 
thereunto without departing from the spirit and scope of the 
invention. 
30 What is claimed is: 

1. A bicycle capable of traveling up and down a vertical 
strand and powered by muscular force of at least one rider, 
comprising a crankset drive in active positive connection 
with the strand, wherein the positive connection is formed 

35 by at least one rotary element at least partially looped by the 
strand, said rotary element being rotatable by said crankset 
drive and mounted on a shaft of the rear wheel of the bicycle. 

2. A bicycle according to claim 1, wherein the crankset 
drive is equipped with a chain derailleur. 

40 3. A bicycle according to claim 1, wherein the positive 
connection is formed by a variable speed gear. 

4. A bicycle according to claim 1, wherein the positive 
connection is formed by at least one capstan looped at least 
once by the strand, said capstan being rotatable by said 

45 crankset drive around a capstan axis. 

5. Abicycle according to claim 4, wherein the capstan has 
two axial ends and a jacket surface having a diameter that 
widens at said two axial ends at different angles of inclina- 
tion. 

50 6. A bicycle according to claim 4, wherein the capstan has 
two axial ends and a guiding surface on at least one axial 
end, said guiding surface extending perpendicular to the 
capstan axis. 

7. A bicycle according to claim 1, wherein the positive 
55 connection is formed by at least one driving disk having a 

circumferential groove for clamping the strand, said groove 
being rotatable by said crankset drive. 

8. A bicycle according to claim 7, wherein the groove 
extends around the entire circumference of the driving disk 

60 and is corrugated in an axial direction. 

9. A bicycle according to claim 1, wherein the strand is 
tensioned at its bottom end by a weight for increasing the 
friction of the connection between the strand and the crank- 

65 10. A bicycle according to claim 1, wherein the strand is 
secured to the ground to increase the friction of the connec- 
tion between the strand and the crankset drive. 
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11. A bicycle according to claim 1, wherein the strand is 
comprised of a chain, toothed belt or perforated belt and the 
positive connection is formed by at least one toothed gear 
rotatable by the crankset drive, and wherein the strand 
extends around the toothed gear. 5 

12. A bicycle according to claim 1, further comprising a 
guide arranged on the bicycle and supporting the strand, said 
guide extending substantially above the center of gravity of 
the bicycle. 

13. A bicycle according to claim 12, wherein the guide is 10 
a sliding part that seizes the strand. 

14. A bicycle according to claim 12, wherein the guide 
comprises a tube extending above the center of gravity of the 



bicycle and rider, wherein the strand is glidingly supported 
within the tube. 

15. A bicycle according to claim 14, wherein the tube is 
curved and guides the strand around and above the rider. 

16. Abicycle according to claim 14, wherein the tube has 
a flexible top end. 

17. A bicycle according to claim 1, further comprising a 
braking device mounted on the bicycle and connected to the 
strand and adapted to retard falling motions of the bicycle. 
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ABSTRACT 



A bicycle stabilizing flexpole trainer, removable attachable 
to the rear of a bicycle frame, adjacent its center of gravity. 
The trainer defines an elongated flexible tubular balancing 
pole having a free upper end, an intermediate section and a 
reinforced anchor engageable lower end. An adjustable pole 
anchor clamp and connector plate to secure the end of the 
pole to the frame of the bicycle. The clamp forms opposed 
plates, engaging the frame in compression contact. The 
clamp upper plate includes legs extending downwardly of 
the clamping assembly to confine the lower plate against 



1 Claim, 2 Drawing Sheets 
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This application is a continuation of application Sen No. , 
08/043,896, filed Apr. 7, 1993 now abandoned. 

BACKGROUND OF THE INVENTION 

Up to the present, to support the novice, trainee bike rider, 
the adult had to grip onto either the seat of the child or the 
seat of the bike. Often he/she must have another hand on the 
handle bar to help steer. This may lead to injury to both child 
and adult. More recently, children learning to ride bicycles 
have required addition to the bicycle of a set of training 
wheels, thus presenting support and stability to the vehicle 
when the novice is mounted; when training wheels are 
removed, problems develop for the adult who is assisting in 
the learning process. This abnormal bending position which 
the adult assumes while guiding and running along, sup- 
porting the child can lead to back strain. Also, the rear bike 
wheel often presents a stumbling block. It is ideal for the 
adult to balance the bike while located directly behind it, so 
as to be in perfect position to react if the bike begins to lean 



Each of the aforesaid, is deficient in terms of facility of 
installation and/or removal, and each is economically unfea- 
sible, comparative to the present BIKE STICK (™) assem- 



SUMMARY OF INVENTION 

In its broadest form, the invention comprises a removable 
and replaceable retrofitted training stabilizer for bicycles. 
10 The unit may likewise be adapted to related vehicles 
wherein balancing must be imposed adjacent the center of 
gravity of the vehicle; when the rider attempts to develop 
balance during propulsion of the unit, and even when it may 
be at a standstill. The conventional bicycle frame charac- 
15 teristically is in the form of an isosceles triangle from the 
forward apex of which depends a U-frame for the maneu- 
verable front wheel and upon which is mounted a steering 
handlebar. From the rear apex and at the base of the frame 
are two fork supports which sustain the rear driving wheel 
20 in relation to the frame. The propulsion pedals and gears are 
conventionally located for interconnection with the driving 
wheel, etc. When occupied, the bicycle center of gravity, 
while shiftable, is generally located midway between front 
and rear wheels, in-line with the seatpost, perhaps more 



uncontrollably to the left or the right. The present invention 

when the adult is behind the bike, the height of the present P gravity This stabilizer is accord- 

pole wuh the guiding gnpat the top visually amplifies any uppTpoLn of the bicycle frame, 

erratic Ulung motions of the child or -the : bike and one can 30 ^ ' exte^sVgularly upward therefrom, 

thus anticipate the need to grab on or get a better gnp on the u „,„, .,, .w, tn ,h* 

pole, quickly before the child completely loses balance. 
Accordingly, the present invention provides an alternative 
that is not currently available when one makes the decision 
to remove a child' s training wheels. Installation and removal 35 
of the pole is by hand tightening and loosening; no tools 



being required. The vice-like clamp is easily removed with 
pliers or wrench to loosen a simple nut. 

The present invention provides a most convenient transi- 
tion from bicycle training wheels. A custom retrofitted 
extension pole is used by the adult to balance the bicycle. It 
is secured to the upper rear wheel fork by a readily detach- 
able mount. This innovation thus provides a simple, inex- 
pensive and removable or replaceable stabilising unit. As a 



between the upper bifurcated rear wheel fork, close tt 
seatpost. It is fixed to the frame in an adjustable way so that 
it may accommodate bicycles having banana seats of various 
lengths and other configurations of the rear fork as will be 
more fully explained hereinafter. 

Advantages achieved through the adaptation of invention 
include the following. The BIKE STICK (™) clamp com- 
prises three plates all held together and secured to the bike 
by a single carriage bolt and nut. Stability of the three part 
clamp is enhanced by the vice-like clamping effect of anchor 
elements upon the upper rear fork of the frame. Installation 
and removal of the exterior pole onto the clamp requires no 
tools and involves only hand tightening of the pole. The 
lower end 



extension pole, manually engaged by an adult to balance a J , 

bicycle while a child learns to ride, without training wheels. 
Whereas, the adult using the BIKE STICK (™) avoids 
bending over and back strain; the invention it helps an adult 
assist a child 
to lean into 

sions, injuries and fear can all be reduced when learning 
ride a bike with this balance BIKE STICK. (™). 



provides a threaded seat for an anchor bolt. The pole and 
insert, thus tighten onto a non-rotating carriage bolt The 
position of the anchorage of the pole is between the front and 
...... c . -. ...... rear wheels, dose to the seat tube which is very close to the 

indevdopmg balancejonfidence the abihty a ^ * ^ 

^ £ P^its the trainer £L P^idoneddirecUy behind the bike. 

The flexibility of the pole itself is such that it allows the child 
rider limited freedom of motion to balance, without the adult 
tup PBinu ART user giving up his/her grip on the pole. The pole insert also 

55 provides rigidity to the flexible pole adjacent the critical area 
to the clamp. 



The most notable earlier developments herein are repre- 
sented by the following United States Letters Patent: 



DATE Pa.No. TITLE 

1952 2.671351 HANDLE FOR PUSHING 

TRICYCLE 
1972 3,650544 BICYCLE STABILIZER 
1990 4,917.398 BICYCLE TRAINING 

HANDLE 



DESCRIPTION OF THE DRAWINGS 

60 FIG. 1 is a view in side elevation of the invention unit, 
wherein the vehicle is at rest and balanced. 

FIG. 2 is an enlarged partial view in side elevation of the 
FIG. 1 configuration, the unit being applied to an A-frame 
65 bike rear upper fork. 

FIG. 3 is a view in perspective of the FIGS. 1 & 2 damp 
assembly. 



BIKE STICK (™) unit 10 is an assembly which com- 
prises a flexpolc 20, intermediate anchor plate 30, with bolts 
and changing assembly 40. 

The flexpole 20 has an anchor end wherein a rigid rod-like 
solid insert 22 is plastic welded into the lower portion of the 
pole and this insert has a threaded seat 22' for an anchor 
carriage bolt 32". Intermediate segment 24 terminates in i 0 
upper end 26 to which is friction filled a handle sleeve 28, 
capped at 28' to enclose the pole end. Flexpole 20 may be 
compared to a PVC tube, which is open at both ends, the 
lower end providing a threaded housing for the anchor 
carriage bolt, defined hereinafter. 15 

Upper connector plate 30 defines an inclined rearward 
ledge segment 32, an upright, intermediate elevating seg- 
ment 34 with flat lower segment 36 which together provide 
elevation to inclined ledge 32 to clear the bike caliper brakes 
while avoiding interference with bike seat and/or rear tire. 20 
This first segment 32 defines bore 32' which seats carriage 
bolt 32" therein for anchorage to the flex pole. An oversized 
washer may prevent abrasion of the PVC tube against upper 
plate shelf 32. The flat lower segment 36 is at a right angle 
to segment 34 and extends forwardly thereupon. It defines 25 
two front and rear bores 36' and 36" which adjustably seat 
the carriage bolt assembly 36"' which includes a nut. 

Clamping assembly 40 includes middle plate 42 and 
bottom plate 44. A central bolt apertures 42 -44' are aligned 
to receive bolt 36"' as shown. On the top surface of plate 42 30 
are a pair of laterally disposed half shears 42" to engage 
sides of the lower most segment of the connector plates 
preventing rotation of contiguous segment 36 thereon. In 
lieu of the half-shears, one may simple provide protuber- 
ances in the form of parallel ridges, not shown. Laterally 35 
depending legs 42"' will retain the bottom plate and provide 
a restorative housing to guard against displacement of the 
entire unit 10 on the bike frame. Carriage bolt 36"' is 
compressibly fitted to assemblies 30 and 40 by means of the 
bolt assembly nut which engages the lower surface of plate 40 
44 beneath the aperture 44' thereof. It is significant that the 
apertures 32', 36' and 36" be polygonal in cross section to 
preclude slippage of the bolts in their corresponding seats. 

Characteristically, the disposition of the extension pole 
stabilizer unit 10 relative to the frame, the bike seat and the 45 
wheel of the vehicle, is such that the balancing unit is most 
effectively disposed relative to the mean center of gravity of 
the bike when it is occupied and being used. Whereas the 
center of gravity will shift upon acceleration and the change 
in vehicle pitch, the location of the BIKE STICK (™) unit 50 
close to the mean center of gravity suffices. The flexibility of 
the pole is such that it allows the child rider limited freedom 
of motion to balance, without giving up one's grip on the 
pole. 

Whereas the invention has been described with specific 55 
reference to the drawings, various modifications may be 
made without departing from the spirit of the invention, 
defined in the annexed claims. 



1. A bicycle stabilizing training apparatus, for use on a 
bicycle having a front end and a rear end and having a frame 
including a front wheel having an axle and a rear wheel 
having an axle, and further including a seat and a scat 
supporting member and a rear wheel mounting fork extend- 
ing from said seat supporting member to said axle of said 
rear wheel, and having a combined center of gravity when 
mounted by a bicycle rider, comprising an elongate balanc- 
ing pole member comprising a pole member first end for 
mounting to said bicycle frame and a pole member second 
end adapted to be gripped as a handle, said pole member 
being adapted to function as a lever for a trainer behind said 
bicycle to grasp and hold and thereby to support, propel, 
balance and stop said bicycle, and to release and re-grab said 
handle and recover balance for allowing the rider to test his 
or her riding ability without falling, 
pole member mounting means adapted to secure said pole 
member to said rear wheel mounting fork adjacent said 
seat supporting member, such that said pole member 
mounting means is located near said combined center 
of gravity for creating a maximum moment at said pole 
member second end about said combined center of 
gravity, 

wherein said pole member is tilted toward said rear end of 
said bicycle and extends to a point behind said axle of 
said rear wheel to permit said trainer improved access 
to said pole member, 

wherein said pole member mounting means comprises an 
adjustable anchor clamp engaging said rear wheel 
mounting fork to support said pole member, said 
anchor clamp comprising opposed upper and lower 
anchor plates having fastening means urging them into 
compression contact with said rear wheel mounting 
fork, 

a connector plate joining said anchor clamp and said first 
end of said pole member, said connector plate having 
connector plate fastening means securing said connec- 
tor plate to said pole member, 

wherein said connector plate defines a topmost rearwardly 
inclined ledge segment, an elevating segment extend- 
ing below said ledge segment and a forwardly extend- 
ing lowermost segment, wherein said inclined ledge 
segment provides a perpendicular contact for said pole 
member, said elevating segment spacing said pole 
member apart from said bicycle frame, said lowermost 
segment providing means for positioning of said con- 
nector plate on the anchor clamp, 

wherein said upper anchor plate exceeds said lower 
anchor plate in lateral dimension and has leg portions 
depending therefrom, said leg portions providing a 
retaining structure for said lower plate, whereby to 
confine said lower plate against displacement relative 
to said upper anchor plate and to confine said mounting 
fork to prevent lateral displacement of said anchor plate 
relative to said frame. 
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[57] ABSTRACT 
A hull configuration for a small watercraft that pro- 
vides a tandem straddle type seating arrangement to the 
rear of a bridge on which the steering handle is formed. 
In addition, a forward seat is also provided and the hull 
is configured so that the buoyancy increases if a rider 
shifts to the forward seat so as to maintain a generally 
horizontal stability for the watercraft under all condi- 
tions. 

7 Claims, 5 Drawing Sheets 
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FIG. 3 is an enlarged cross-sectional view taken 

. COMPACT PLANING TYPE BOAT along the line 4 — * of the watercraft. 

FIG; 4 is an enlarged front elevatioaal view of the 

BACKGROUND OF THE INVENTION watercraft showing primarily the bow portion and hull 

This invention rentes to a compact planing type boat 5 ^^T^^^^x ^ ^ ^ ^ ^ 

and m ore partcularly.to a high performance watercraft ^ Qf mQ 2 ^ ^ ^ * 

thatumgWy versatile fashion on the rear seat 

There recentiy has been a great degree of popolanty FIG. 6 is a side elevational view, with portions bro- 

m a compact planing type of boat m which the driver ,„ ^ similar tQ FIG 5 but Aaw ^ one ridcr 

and his passenger at in straddle, tandem fashion upon a on ^ ^ ^ ^ one rider on ^ front 

set that is positioned directly behind the steering tiller. seaL 

This form of watercraft is commonly powered by a jet FIG. 7 is a bottom plan view of the watercraft show- 
propulsion unit and has very sporting type perfor- ing the contact patches of the hull with the water under 
mance. Although this type of watercraft is excellent for 15 various riding conditions. 

sport riding, the tandem seating position does not offer FIG. 8 is an enlarged side elevational view showing 

particular utility for other pleasure activities such as the configuration of the watercraft and its angle in the 

fishing or the like. In addition, the hull configuration of water under a variety of conditions. 

this type of watercraft is such that when there is any ' 

substantial forward weight bias, such as if a rider wishes 20 ^IB^L^S^FJ^SLT™ 
to sit in front of the steering tiller, or, alternatively, if PREFEIUUSD EJ»ffiODIMENT OF THE 
the watercraft is entered or exited from the front, the INVENTION 
stability of the watercraft decreases significantly. Referring now in detail to the drawings, a small wa- 
it is, therefore, a principal object of this invention to tercraft constructed in accordance with an embodiment 
provide an improved compact planing type of water- 25 of the invention is identified generally by the reference 
craft. numeral 11. The watercraft 11 is comprised of a hull, 
It is a farther object of this invention to provide a which may be formed from molded fiberglass or the like 
compact planing type of watercraft of this general type and which is comprised primarily of an upper hull por- 
which will offer wider versatility then conventional tion, indicated generally at 12 and a lower hull portion, 
watercraft of this type. 30 indicated generally at 13. The hull portions 12 and 13 
It is a further object of this invention to provide an «« affixed to each other in any suitable manner. In 
improved hull configuration for this type of watercraft addition, certain hollow areas of the hull may be filled 
wherein the watercraft has its versatility substantially with buoyancy material so as to provide the desired 
increased buoyancy and the flotation characteristics, in combina- 
It is a further object of this invention to provide a hull 35 tion ^ hu]1 configuration, as will be hereinafter 
for a watercraft of this type that facilitates riders sitting described. 

in either tandem fashion or in fore and aft fashion rela- ™ e , upper huU portion 12 is provide with a raised 

». . central area 14 which also defines a centrally positioned 

hve to the steering tiller. bH dge 15. The bridge 15 extends upwardly from the 

SUMMARY OF THE INVENTION 40 remainder of the portion 14 and accommodates a steer- 

This invention is adapted to be embodied in a hull "g^h^^ for steering me watercraft in a manner to 

configuration for a watercraft having a bow portion, an Rearwardlv of ^ bridge 15, the raised hull portion 

intermediate bridge portion, supporting means for steer- - 



„. ^ ^ - - . . . uwuuunuuaics a seat 17 that is designed so &> w 

ing the watercraft and a stern portion. Means provide a 4S ^^^^ a pair of riders seated in straddle, tandem 
rear seat seating at least two nders m the stem portion fashion ^ ^ m mGS . 5 and 8. On opposite 
in straddle, tandem relationship to the rear of the bridge ^ des ofthe ^ 17( the hul , upper portion 12 k provided 
so that the forwardmost rider may steer the watercraft. with a pair of longitudinally extending depressed foot- 
Means provide a forward seat for at least one of the well ^ 18 mt0 which ^ riders may place their legs 
riders m the bow portion forwardly of the bridge. The 3, when ^ on me ^ 17 . Rearwardly of the foot- 
unladen center of gravity of the hull is juxtaposed in a weU port ions 18 there is provided a pair of transversely 
longitudinal direction in proximity to the bridge. The e *trnrtin S ribs 19 which serve the primary function of 
hull is configured so that the hull assumes a generally preventing the intrusion of water into the footwell area 
upwardly inclined position when riders are seated in 

tandem fashion on the rear seat and the hull is travelling 55 in the illustrated embodiment, the watercraft 11 is of 

forwardly at speed. The hull further is configured to the jet propelled type and for this purpose a jet propul- 

assume a substantially horizontal condition when the son unit 21 is disposed in a recess formed in the under- 

watercraft is not travelling and riders of approximately side rear portion of the lower hull portion 13. The jet 

equal weight are seated respectively on the forward and propulsion unit 21 may be of any known type and has a 

rear seats at approximately equal distances from the 60 pivotally supported discharge nozzle 22 that is adapted 

bridge. to be steered by the steering handle 16 for steering the 

BRIEF DESCRIPTION OF THE DRAWINGS ^^^^IT^y^^^ 

FIG. 1 is a perspective view of a small watercraft erally by the reference numeral 23 and is positioned 

constructed in accordance with an embodiment of the 63 forwardly in the hull in a position generally beneath the 

invention, viewed from above and from the rear. bridge portion IS. The engine 23 drives the jet propul- 

FIG. 2 is a reduced scale, top elevational view ofthe sion unit 21 in any known manner. In addition, a fuel 

watercraft tank and battery assemblage, indicated generally by the 
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reference numeral 24 may be positioned in the bull noted that the shallow V angle tends to cause the buoy- 

forwardly of the engine 23 and below a forward seat ancy of the forward portion of the hull to increase as the 

portion 25 defined by the raised upper hull portion 14. watercraft settles into the water so as to prevent nose- 

A removable hatch (not shown) may be carried by the diving of the boat under this condition, 

portion 25 so as to permit access to the engine 23, fuel 5 In the event a rider wishes to sit in the forward por- 

tank and battery 24 and for other servicing functions. A tion of the boat, for example for fishing, he may transfer 

seat cushion 26 (FIGS. 6 and 8) can be removably sup- to the forward seat 26 as shown in FIG. 6. Assuming 

ported on the portion 25 so as to afford a comfortable that both riders have approximately equal weight, the 

seating position for a rider forwardly of the bridge 15 watercraft will assume a very balanced condition rela- 

under certain circumstances, as will be described. 10 tive to the center of gravity because the seat 26 and the 

It should be noted that the configuration of the hull, forward portion of the rear seat 17 are disposed at the 
its buoyancy and the location of the principal mass units same distances i from the center of gravity. Under this 
is such so that the center of gravity CG is located longi- condition, the watercraft will assume nearly a horizon- 
tudinally of the watercraft in the position of the bridge tal condition as shown by the line d in FIGS. 7 and 8 
15 and just slightly rearwardly of the steering handle 16 IS and very high stability will result This also assists in 
when the watercraft is not mounted by any riders. The dismounting of the watercraft from the front without 
center of gravity is also positioned on a longitudinal having the front portion become submerged, 
center line CL of the watercraft The reasons for this . It should be readily apparent, therefore, that the de- 
will become apparent as the description proceeds. scribed hull configuration and seating configuration add 

The configuration of the hull is such that it has a 20 significantly to the stability of the watercraft under a 

relatively broad keel that extends along a base line BL wide variety of conditions without adversely affecting 

from the rear of the watercraft forwardly to a point high speed performance. Although an embodiment of 

approximately midway between the front of the bow the invention has been illustrated and described, it is to 

and the vertical center line VL. From there, the hull be understood that this is only a preferred embodiment 

curves upwardly but it has a generally shallow V con- 25 and that various changes and modifications may be 

figuration as best shown in FIG. 3. The central portion made without departing from the spirit and scope of the 

of the hull is generally flat as indicated at 27 and then invention, as defined by the appended claims, 

the sides incline upwardly at the shallow V angle and a I claim: 

pair of stripes 28 are formed outwardly that extend in a 1. A hull configuration for a watercraft having a bow 
generally longitudinal direction along the rear and front 30 portion, an intermediate bridge portion, supporting 
portions of the hull until the hull begins its upward means for steering said watercraft, and a stern portion, 
curvature. At this point, the stripes 28 curve inwardly a rear seat for seating at least two riders in said stern 
as best shown in FIG. 4. In addition, the outer edges of portion in straddle, tandem relationship to the rear of 
the hull are provided with a pair of chines 29 that serve said bridge portion so that the forwardmost rider may 
the function of providing stability and resistance to 35 steer said watercraft, and a forward seat for one of said 
large degrees of leaning under extreme conditions. The riders in said bow portion forwardly of said bridge 
stripes 28 on the other hand, function to assist in steer- portion, a depressed foot area around a front portion 
ing under condition as will now be described. and side portions of said forward seat and side portions 
FIG. 5 shows the normal condition of the watercraft of the rear seat and said bridge portion for placement of 
when travelling at speed. In this condition, the two 40 the riders feet, the unladen center of gravity of said hull 
riders are seated in tandem fashion on the rear seat 17 being juxtaposed in a longitudinal direction in proximity 
behind the bridge 15. The forwardmost rider has access to said bridge, said hull being configured such that said 
to the steering tiller 16 for steering of the watercraft in hull assumes a generally upwardly inclined position 
the aforedescribed -manner. When operating under this when riders are seated in tandem on said rear seat and 
condition, the center of gravity (CG) moves rearwardly 45 said hull is travelling forwardly at speed and in a sub- 
to the point shown in FIG. 7 and the hull will be in a stantially horizontal condition when said watercraft is 
planing condition wherein the water patch contact with not travelling and riders of approximately equal weight 
the lower portion of the hull is indicated by the line a. are seated respectively on said forward and rear seats at 
This offers good high speed running stability and ma- approximately equal distances from said bridge, 
neuverability. If desired, the steering of the watercraft, 50 2. A hull configuration for a watercraft as set forth in 
particularly under sharp turn conditions, may be im- claim 1 wherein the forward portion of the hull shape is 
proved by the riders leaning forwardly and into the configured to provide substantially increasing buoy- 
direction of the turn. The contact patch with the water ancy as the forward portion of the hull is urged to a 
will then assume the conditions shown by the line b and submerged position. 

the stripes 28 will assist in sharp turning. 55 3. A hull configuration for a watercraft as set forth in 

In FIG. 8 the water level during planing conditions is claim 2 wherein the hull is formed with a pair of longi- 

indicated by the line a and it will be seen that under this tudinally extending stripes that extend parallel to the 

condition there is a relatively shallow draft and very longitudinal center line of the watercraft on opposite 

little of the forward or bow portion of the hull is in sides thereof from the stern forwardly of the bridge 

contact with the water so that high speeds are possible 60 portion and wherein they curve inwardly toward the 

while maintainin g stability and good handling, as afore- center line as approaching the bow. 

noted. 4. a hull configuration for a watercraft as set forth in 

In the event forward travel is stopped, the watercraft claim 3 wherein the outer portion of the hull is provided 

will sink down into the water to some extent and assume with a pair of chines that have a configuration generally 

a condition as shown by the line c wherein the water- 65 paralleling that of the stripes. 

craft is slightly more submerged to the rear than to the 5. A hull configuration for a watercraft as set forth in 

front The contact patch lc shows how the water claim 4 wherein the forward portion of the hull has a 

contacts the hull under this condition. It should be generally shallow V shaped configuration. 
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6. A hull configuration for a watercraft as set forth in . 

claim 1 wherein the watercraft is powered by an engine claim 6 further including buoyant mass 
disposed beneath the bridge portion so as to concentrate gj e s jdes of the hull, 
the center of gravity in the area of the bridge portion. 

7. A hull configuration for a watercraft as set forth in 5 * * * * * 
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[57] ABSTRACT 

A therapeutic wheeled vehicle particularly suited for 
strengthening the hip extensor muscles of a user is 
described. The vehicle combines the therapeutic benefits of 
conditioning the hip extensor muscles with the enjoyable 
activity of propelling oneself on a wheeled vehicle. A frame 
is provided following the general pattern of a tricycle with 
one steerable wheel and a pair of driving wheels. A seat, a 
back rest, and at least one strap for holding the. user in 
position on the seat and the back rest are also provided. 
These user support structures securely bold the user in the 
proper operating position, even when the user has less than 
normal muscular control and strength, such as with children 
with cerebral palsy. Structures are included for receiving at 
least a portion of the user's leg between the user's knee and 
the user's hip and for transmitting the extension motion of 
the user's hips into the rotational movement of the pair of 
driving wheels. Substantially only the hip extensor group of 
muscles of the user are used to propel the vehicle. 
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MUSCLE POWERED THERAPEUTIC 
VEHICLE 

This invention was made with federal support under 
grant number 5T150H7141-14 awarded by the National 
Institute for Occupational Safety and Health (NIOSH). The 
government has certain rights in this invention. 

This application is a continuation of application Sex. No. 
07/888,724, filed May 26, 1992, now abandoned. 



BACKGROUND 
1. The Field of the Invention 

This invention relates to human powered vehicles. More 



BRIEF SUMMARY AND OBJECTS OF THE 
INVENTION 

In view of the above described state of the art, the present 
invention seeks to realize the following objects and advan- 
tages. 

It is a primary object of the present invention to provide 
a wheeled apparatus which can be powered by a person with 
impaired muscle control. 
> It is yet another object of the present invention to provide 
a muscle powered wheeled vehicle which can be operated by 
a child afflicted with cerebral palsy. 

It is another object of the present invention to provide a 
muscle powered wheeled vehicle which will promote 
S improvement in the walking gait of children with cerebral 

1U15 mvciiuuu n-xtiLwo «— r . palsy. . 

particularly the present invention relates to therapeutic It i& a further object of the present invention to provide a 

devices which are used to provide conditioning of specific mnscXe powered wheeled vehicle which promotes activation 
muscles of the human body. ^ of the hip extensor muscles in a similar or greater amount 

recognized. For example, the physiological benefits of pea y J™™Z? » ^ invention combines the 

alingarnuscle powered wheeled vehicle, such as a bicyde ^^^JSSSi, the hip extensor muscles 
oratricycle.areweUtaown.Uirfortun^ 25 ^^Tenlovable activity of prop^S °**elf « a 

the benefits of such exercise the most are unable to use wheeled veh icie. Children, particularly those with disorders 
previously available bicycles and even tricycles. such ^ ^1^1 pa l S y, benefit from the present invention. 

In particular, children afflicted with cerebral palsy are Embodiments of the present invention include a frame 

generally unable to operate any of the previously available wHch ig preferably constructed using materials and tech- 
tricycles which are enjoyed by other children. Moreover, ™ mqucs similar to those used in bicycle and tricycle construe- 
both adults and children may be afflicted with other msor- ^ ^ preferred embodiment of the present invention 
ders which make operating previously available bicycles and mov , s ^ general pattem 0 f a tricycle having one steerable 
tricycles difficult or impossible. Thus, such persons are wheel wd a handlebar connected to the frame and a pair of 
denied the benefits which accrue from such activities. 35 driving wheels connected - f 

In particular, it is often the case that a person lacks either 
the muscle strength or coordination in the hip extensor 
muscles. Hip extensor muscles are critical for walking since 
they prevent trunk flexion and collapse. The hip extensor 
muscles are one of the major support muscles of the body , 
used in standing and walking. Weakness of the hip extensor 
muscles cannot be treated with external bracing as is often 
the case with more distal muscles. 

Moreover, in children with cerebral palsy who have 
undergone the selective dorsal rhizotomy procedure to 
reduce spasticity, hip extensor muscle weakness is fre- 
quently very pronounced. It is often the case that physical 
therapists work extensively (often for years) to strengthen 
these muscles in children with cerebral palsy. As a general 
rule, it is very difficult to strengthen muscles in children; 
they refuse to lift weights. However, children will ride 
tricycles. Disadvantageous^, a conventional tricycle does 
not strengthen the hip extensor muscles; it primarily 
strengthens the quadriceps muscles. 

Even though the is has been known for a long time that 
many persons, including children with cerebral palsy, are 
unable operate previously available tricycles, the problem of 
providing a muscle powered vehicle which can be operated 
vw ™.«nn« with narticular disorders, and which will benefit 



ivxng „ the rear of the frame. 

A seat, a back rest, and at least one strap for holding the 
user in position on the seat and the back rest are also 
provided. These user support structures securely hold the 
user in the proper upright operating position, even when the 
user has less than normal muscular control and strength. 

Importantly, the present invention includes means for 
receiving at least a portion of the user's leg between the 
user's knee and the user's hip preferably including means 
for receiving the back of the user's thigh. The present 
invention also includes means for transmitting the recipro- 
cating movement of the user's hip into the rotational move- 
ment of the driving wheel or wheels such that the vehicle can 
be propelled by the hip movement of the user. The desired 
hip movement of the user is extension of the hip joint. In the 
preferred embodiment of the present invention, each of the 
user's legs are coupled to the driving wheels such that as the 
hip joints are alternately moved to extend the legs of the user 
the vehicle is propelled. Substantially only the hip extensor 
group of muscles are used to propel the vehicle thus pro- 
i viding conditioning for that specific group of muscles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to better appreciate how the above-recited and 
. 1 tVio ;«uf»nti/\Ti a tp. obtained. 



by persons witn particular mauiuMs, «». — — . -- 
such persons, has been unrecognized. Thus, in view of the 
inability of many individuals, for example children with 
cerebral palsy, to operate previously available bicycles and 
tricycles, it would be an advance in the art to provide a 



her advantages ana opjeras 01 ™ 
a more particular description of the invention briefly 
described above will be rendered by reference to a specific 
embodiment thereof which is illustrated in the appended 
drawings. Understanding that these drawings depict only a 



cuioi "i~*~~ f— . - _ drawings. Understanding that tnese drawings ocpiw. uuij - 



the hip 
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detail through the use of the accompanying drawings in 
which: 

FIG. 1 is a perspective view of the presently preferred 
embodiment of the therapeutic vehicle of the present inven- 
tion. 

FIG. 2 is a cross sectional view of the therapeutic vehicle 
taken along line 2 — 2 of FIG. 1. 

FIG. 3 is a cross sectional view of the therapeutic vehicle 
taken along line 3—3 of FIG. 1. . 



in the art A stem 26 connects the handle bar 28 to the fork 
24. The handle bar 28 is provided with grips 30 as is known 
in the art. The front wheel and the components associated 
with it are used to steer the therapeutic vehicle 10. As will 
be appreciated by those skilled in the art, these structures can 
be fabricated using components and techniques known in the 
art or one skilled in the appropriate art can take advantage 
of other components and techniques which would be suit- 
able for fabrication of an embodiment of the present inven- 

The illustrated therapeutic vehicle 10 includes two rear 
driving wheels 34 and 35, which, as in the case of the front 
wheel 32, preferably are of the type generally used in the 
bicycle and tricycle art. The rear driving wheels 34 and 35 
is are connected to an axle 66 which is connected to the frame 
12 by way of bearing member 67, as shown best in FIG. 3. 
As wfll now be explained, the axle 66 is coupled to the legs 
of the user (not represented in the figures) so that the action 
of the hip extensor muscles alone will propel the therapeutic 



Reference will now be made to the drawings wherein like 
structures will be provided with like reference designations. 

FIG. 1 provides a perspective view of the presently 
preferred example the therapeutic vehicle of the present 
invention. The described embodiment is particularly suited 
for use by children with cerebral palsy. Those skilled in the 

art will appreciate that the present invention has application 20 vehicle 10 thereby providing conditioning to said group of 
with persons other than children and with disorders other muscles. 

than cerebral palsy. Still, the illustrated therapeutic vehicle As mentioned, the illustrated therapeutic vehicle 10 is 
will be described herein as being used with children having particularly intended for use by children having cerebral 

palsy who, in order to obtain maximum benefit from the 
present invention, require support structures to keep their 
body in position as they use their trip extensor muscles to 
propel the therapeutic vehicle 10. In order to provide such 
support, a seat 36 and a back rest 42 are provided in the 
illustrated therapeutic vehicle 10. In order to transmit the 
muscles to the rear driving wheels 
34 and 35, a crank 50 is provided for each leg of the user. 
Each of the cranks 50 hang from pivots 49 as will be 
explained more fully shortly. 

As shown best in FIG. 2, a seat 36 is provided to give 
vertical support to the user. The seat 36 is connected to a seat 
post 39 which can be locked into a vertical position using a 
locking bolt 37. A seat arm 40 is connected to a support tube 
38 which is connected to the top tube 18 of the frame. The 
seat post 39 slides vertically within a sleeve 41 until the 
locking bolt 37 is tightened. 

Referring now to FIG. 3, for best results, the height of the 
seat 36 should be adjusted in the direction of arrow B so that 
the hip joints of the user are at the same height as the crank 
pivots 49. Thus, lining up the crank pivots 49 approximately 
with the acetabulum, slightly above the greater trochanter of 
the hip, wQl generally be satisfactory. Other positions, 
however, may also be used as determined by experience with 
users of the therapeutic vehicle 10. 

Referring now to the side view of FIG. 2, the back rest 42 
is also provided to keep the user in the proper upright 
position. Also included is a strap 44 which wraps around the 
torso of the user and keeps the back of the user against the 
back rest 42. As can be seen best in FIG. 1, the back rest 
preferably has a curved shape to cradle the user's torso. The 
strap 44 is preferably provided with lengths of hook and pile 
fastener (one patch of which is represented at 46) to hold the 
strap together around the user. A buckle or some other type . 
of fastener can be used on the strap 44 in place of the 



cerebral palsy with the understanding that the teachings 
provided herein can readily be used to provide therapeutic 25 
vehicles to benefit others. 

As mentioned, children with cerebral palsy generally have 
deficient strength and control in the group of muscles used 
to extend the hip joint. The group of muscles involved in the 
extension motion of the hip principally includes the gluteus 30 action of the hip 
maximus muscle as well as, to a lesser extent, the biceps 
femoris, the semitendionosus, and the semimembranosus 
muscles which wQl collectively be referred to herein as the 
"hip extensor muscles." 

Since the hip extensor muscles are critical to having a 
proper walking gait, these muscles must be developed in 
order for a child to walk properly. Unfortunately, children 
are notoriously uncooperative when required to engage in 
therapeutic exercise per se. With the therapeutic vehicle of 
the present invention, the hip extensor muscles are generally 
activated to a greater extent than with other modes of 
therapy suitable for children and the children find operating 
the vehicle to be an enjoyable activity. Thus, the child 
obtains the benefit of the therapeutic hip extensor muscle 
action while enjoying a common childhood activity which 
could not otherwise be enjoyed. 

The therapeutic vehicle, generally represented at 10 in the 
figures, includes a frame, generally indicated at 12, and three 
wheels 32, 34, and 35, a handlebar 28, a seat 36, and drive 
components which wOl be described in detail later. Impor- 
tantly, the vehicle 10 is configured as a three wheel tricycle 
to ensure a proper amount of stability and safety for the user. 
It is, however, within the scope of the present invention to 
use only two wheels, or more than three wheels, in embodi- 
ments of the present invention. 

The frame 12 is preferably constructed using techniques 
used to construct bicycle frames. The frame 12 of the 
illustrated vehicle 10 includes a top tube 18, a rear driving 

wheel tube 22, a hanger tube 20, a down tube 16 and a head go preferred hook and pile fastener 46. 
tube 14. The particular frame geometry illustrated in the 
figures is preferred but many 



types of frame-like structures can be used within the scope 
of the present invention. 

The front wheel 32 is attached to a fork 24 which is < 
rotatably mmmtprt in the HmH tube 14 preferably using 
bearing structures (not represented in the figures) available 



As illustrated best in FIG. 2, the back rest 42 can be 
moved forward and backward in the direction of arrow A. 
The back rest 42 is attached to a back rest post 74 which 
passes through a sleeve 72. A locking bolt 76 positioned on 
the sleeve 72 holds the back rest 42 in position when 
tightened. A strut 70 connects the sleeve 72 to the support 
tube 38. While use of the user support structures described 
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herein is preferred, other arrangements may also be used 
within the scope of the present invention. Furthermore, it is 
within the scope of the present invention to orient the user 
in positions other than the described upright position. 

While being securely held in the proper position, the user 5 
can propel the therapeutic vehicle by using substantially just 
the hip extensor muscles. The drive train components, which 
will now be described in detail, function to couple the 
movement of the hip extensor muscles to the driving wheels 
34 and 35. As will be appreciated, the drive train compo- 10 
rtents used in embodiments of the present invention should 
provide support for the legs of the user so that primarily the 
hip extensor muscles are used and lack of strength or 
coordination in other muscles does not hinder the use of the 
present invention. is 

As illustrated best in FIG. 1, the cranks 50 are shaped so 
that as the user's leg is rested thereupon the knee of the user 
is comfortably bent A thigh support 52 is included on the 
crank 50 and receives the back of the user's thigh. A calf 
support 54 is also provided on the crank 50 to hold the user's 20 
calf in place. A foot rest 56 receives the user's foot and a 
strap 58, which can be provided with some type of fastener 
such as a hook and pile fastener, holds the user's foot in 
place. Similarly, if desired, the thigh support 52 and the calf 
support 54 can also be provided with straps to hold the user's 25 
legs in place. 

A first connecting rod extension 60 is pivotally connected 
to each of the cranks 50. Each of the connecting rod 
extensions 60 are attached to a connecting rod 62 which is 
in turn joined to a second connecting rod extension 64 which 30 
is rotationally connected to the eccentric portion of the axle 
66. 

Preferably, the effective length of the connecting rod 62 
can be altered to increase or decrease the mechanical lever- 35 
age provided between the cranks 50 and the axle 66. It is also 
within the scope of the present invention to provide a friction 
brake on one or more of the wheels 32, 34 and 35, or on the 
axle 66 or other structure in order to provide additional 
mechanical resistance to the propulsion of the therapeutic ^ 
vehicle or to limit the speed thereof. 

In the described therapeutic vehicle 10, the connecting 
rod 62 is provided with internal threads (not shown) which 
are engaged by external threads (not shown) provided on the 
first connecting rod extension 60 and the second connecting 45 
rod extension 64 and which allow the combined length of 
these structures to be increased or decreased by rotating the 
rod 62. A flat 61 is provided on the rod 62 to allow the rod 
to be gripped by a wrench and turned. Other structures can 
also be used, such as a turn buckle (not represented), to alter 50 
the length of the structures connecting the cranks 50 to the 
axle 66. It will be appreciated that it is also within the scope 
of the present invention to provide structures which allow 
changing the position at which a structure corresponding to 
the first connecting rod extension 60 is joined to the crank 55 
50 or the changing eccentricity of the eccentric portion of the 
axle 66. Moreover, while the illustrated structure is pre- 
ferred, it is within the scope of the present invention to use 
completely different arrangements to couple the movement 
of the user's hip extensor muscles to the driving wheels. As 
will now be appreciated, using the structure represented in 
the figures, as the user alternately activates his left side and 
right side hip extensor muscles, the cranks 50 will alter- 
nately pivot resulting in the rotation of the rear driving 
wheels 34 and 35. 65 

In view of the foregoing, it will be appreciated that the 
present invention provides a muscle powered wheeled 
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vehicle which can be readily operated by a child afflicted 
with cerebral palsy and which conditions the hip extensor 
muscles as it is used. The strengthening of the hip extensor 
muscles provided by the present invention promotes 
improvement in the walking gait of children with cerebral 
palsy and others as well. The present invention also provides 
a therapeutic vehicle which promotes activation of the hip 
extensor muscles in a similar or greater amount than walking 
and which is often more productive than other types of 
therapy. 

The present invention may be embodied in other specific 
forms without departing from its spirit or essential charac- 
teristics. The described embodiment is to be considered in 
all respects only as illustrative and not restrictive. The scope 
of the invention is, therefore, indicated by the appended 
claims rather than by the foregoing description. All changes 
which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 

What is claimed and desired to be secured by United 
States Letters Patent is: 

1. A wheeled vehicle capable of being propelled by a user 
which is carried thereon, including users with less than 
normal muscular control and strength, the vehicle compris- 
ing: 

a frame; 

at least one steerable wheel connected to the frame; 
user support means for supporting the user on the frame; 
steering means for allowing the user to steer the steerable 

means for receiving at least a portion of the user's thigh 
at a position on the user's leg between the user's knee 
and the user's hip, the means for receiving at least a 
portion of the user's thigh comprising means for receiv- 
ing the back of the user's thigh such that contact with 
the back of the user's thigh is made and the means for 
receiving the back of the user's thigh is moved by the 
hip extension motion of the user, 
means for pivotally connecting the means for receiving at 
least a portion of the user's thigh to the frame at a point 
in substantial alignment with the user's hip; 
driving wheel means connected to the frame, the driving 
wheel means comprising a wheel and means for trans- 
mitting any extension motion of the user's hip into the 
rotational movement of the driving wheel means, the 
_ driving wheel means comprising an axle connected to 
a driving wheel, the axle having an eccentric portion 
thereof and the means for receiving at least a portion of 
the user's thigh comprising means for connecting the 
back of the user's thigh to the eccentric portion of the 
axle; and 

means for transmitting the extension motion of the user's 
hip into the rotational movement of the driving wheel 
means such that the vehicle can be propelled by the hip 
extension motion of the user. 

2. A wheeled vehicle as defined in claim 1 wherein the 
frame comprises: 

a top tube; 
a down tube; and 
a head tube. 

3. A wheeled vehicle as defined in claim 1 wherein the 
user support means further comprises: 

a seat; 

means for selecting a vertical height for the seat; 
a back rest; 



5,501/ 

7 

means for selecting a horizontal position for the back rest; 
and a strap positioned on the back rest 

4. A wheeled vehicle as defined in claim 1 wherein the 
driving wheel means comprises: 

a first rear driving wheel; and 5 
a second rear driving wheel. 

5. A wheeled vehicle as defined in claim 1 wherein the 
means for receiving at least a portion of the user's thigh 
further comprises means for pivoting the means for receiv- 
ing the back of the user's thigh about a point in substantial to 
alignment with a hip of the user. 

6. A wheeled vehicle as defined in claim 5 wherein the 
means for receiving at least a portion of the user's leg further 
comprises: 

means for receiving the back of the user' s calf; and means is 
for receiving the user's foot 

7. A wheeled vehicle as defined in claim 1 wherein the 
driving wheel means comprises two rear driving wheels. 

8. A wheeled vehicle as defined in claim 1 further com- 
prising means for changing the mechanical leverage pro- 20 
vided between the axle connected to the driving wheel and 
the means for connecting the back of the users thigh to the 
eccentric portion of the axle. 

9. A wheeled vehicle as defined in claim 8 wherein the 
means for changing the mechanical leverage provided 25 
between the axle connected to the driving wheel and the 
means for connecting the back of the user's thigh to the 
eccentric; portion of the axle comprises means for altering 
the effective length of the means for connecting the back of 
the user's thigh to the eccentric portion of the axle. 30 

10. A therapeutic wheeled vehicle for strengthening the 
hip extensor muscles of a user as it is being propelled by the 
muscle power of the user which is carried thereon, the 
therapeutic vehicle comprising: 

a frame; 35 
a steerable wheel connected to the frame; 
a seat adapted for supporting the user above a portion of 
the frame; 

a rest adapted for horizontally supporting the user on the 40 
seat including users with less than normal muscular 
control and strength; 

a strap for holding the user in position on the seat and the 
rest; 

handle bars connected to the steerable wheel for allowing 45 
the user to steer the steerable wheel; 

a pair of driving wheels, each of the driving wheels 
rotatably joined to the frame; 

an axle connecting the pair of driving wheels; J0 

first means for receiving at least a portion of the user's left 
thigh between the user's left knee and the user's left 
hip, the first means for receiving c omp rising means for 
receiving the back of the user's left thigh such that 
contact with the back of the user's left thigh is made 55 
and the means for receiving the back of the user's left 
thigh is moved by die left hip extension motion of the 
user and such that the means for receiving the user's 
left hip pivots about a point in substantial alignment 
with the left hip of the user, M 

second means for receiving at least a portion of the user's 
right thigh between the user's right knee and the user's 
right hip, the second means for receiving comprising 
means for receiving the back of the user's right thigh 
such that contact with the back of the user's right thigh 63 
is made and the means for receiving the back of the 
user's right thigh is moved by the right hip extension 
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motion of the user and such that the means for receiving 
the user's right hip pivots about a point in substantial 
alignment with the right hip of the user; 
means for transmitting the alternating extension motion of 
the user's first and second hip muscles to the axle such 
that rotational movement of the pair of driving wheels 
is produced and such that the vehicle is propelled by the 
movement of the user's hip extensor muscles. 

11. A wheeled therapeutic vehicle as defined in claim 10 
wherein the frame comprises: 

a top tube; 

a down tube; and 

a head tube. 

12. A wheeled therapeutic vehicle as defined in claim 10 
further comprising: 

means for receiving the back of the user's left calf; 

means for receiving the user's left foot, the means for 
receiving the back of the user's left calf and the means 
for receiving the user's left foot being connected to the 
means for transmitting; 

means for receiving the back of the user's right calf; and 

means for receiving the user's right foot, the means for 
means for receiving the back of the user' s right calf and 
the means for receiving the user's right foot being 
connected to the means for transmitting. 

13. A wheeled therapeutic vehicle as defined in claim 10 
further comprising means for changing the mechanical 
leverage provided between the first means for receiving and 
the second means for receiving and the nn»an« for transmit- 
ting. 

14. A wheeled therapeutic vehicle as defined in claim 10 
wherein the means for transmitting comprises a rod inter- 
connecting the first means for receiving and the axle, the 
axle having an eccentric portion thereof, and wherein the 
means for changing the mechanical leverage comprises 
means for altering the effective length of the rod which 
interconnects the first means for receiving to the eccentric 
portion of the axle. 

15. A wheeled vehicle capable of being propelled by a 
user which is carried thereon, the vehicle comprising: 

a frame; 

at least one steerable wheel connected to the frame; 
user support means for supporting the user on the frame; 
steering means for allowing the user to steer the steerable 
wheel; 

driving wheel means connected to the frame and com- 
prising a wheel; 

means for receiving at least a portion of the user's thigh 
at a position on the user's leg between the user's knee 
and the user's hip, the means for receiving at least a 
portion of the user's thigh comprising: 

means for receiving the back of the user's thigh such that 
contact with the back of the user's thigh is made; 

means for pivoting the means for receiving the back of the 
user's thigh about a point in substantial alignment with 
a hip of the user; 

means for receiving the back of the user's calf; and 

means for receiving the user's foot; 

and the means for receiving the back of the user's thigh 
is moved by the hip extension motion of the user, and 

means for transmitting the extension motion of the user's 
hip into the rotational movement of the driving wheel 
means such that die vehicle can be propelled by the hip 
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extension motion of the user, said means for transmit- 
ting comprising an axle connected to the driving wheel, 
the axle having an eccentric portion thereof and means 
for connecting the back of the user's thigh to the 
eccentric portion of the axle. 5 

16. A wheeled vehicle as defined in claim 15 wherein the 
driving wheel means further comprises two rear driving 
wheels. 

17. A wheeled vehicle as denned in claim 15 further 
comprising means for changing the mechanical leverage 10 
provided between the axle connected to the driving wheel 



10 



and the means for connecting the back of the user's thigh to 
the eccentric portion of the axle. 

18. A wheeled vehicle as defined in claim 17 wherein the 
means for changing the mechanical leverage provided 
between the axle connected to the driving wheel and the 
means for connecting the back of the user's thigh to the 
eccentric portion of the axle comprises means for altering 
the effective length of the means for connecting the back of 
the user's thigh to the eccentric portion of the axle. 



